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AraC : cytosine-p-D-arabinofuranoside
a-MG . a-methyl-D-glucopyranoside

AMPK : 5'-adenosine monophosphate-activated kinase
BPB : bromophenol blue

BSA : bovine serum albumin

ChAT : choline acetyltransferase

control siRNA : ON-TARGET plus Nontargeting pool
DAPI : 4',6-diamidino-2-phenylindole

DIV : day in vitro

DMEN : dulbecco’s modified Eagle’s medium
DPz : donepezil

ERK . extracellular signal-regulated kinase
FBG : fasting blood glucose

GAPDH : glyceraldehyde-3-phosphate dehydrogenase
GFAP . glial fibrillary acidic protein

GLUT : glucose transporter

H,0, : hydrogen peroxide

HRP : horseradish peroxidase

i.C.v. : intracerebroventricular

JNK : ¢-Jun N-terminal kinases

MAP2 : microtubule-associated protein 2
MAPK : mitogen-activated protein kinase
MCAO : middle cerebral artery occlusion
NDS : neurological deficit score

NeuN : neuronal nuclear antigen

NMDG : N-methyl-D-glucamine

n.s. : not significant

pAMPK : phospho-AMPK

PBS : phosphate buffered saline

PFA : paraformaldehyde

pPERK : phospho-ERK

p-JINK : phosphor-JNK

p-p38 : phospho-p38

PHZ : phlorizin
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SGLT-1 siRNA
SGLT-3 siRNA
Spl

STD

TBS
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veh

WST-8

: phenylmethylsulfonyl fluoride

: sodium-binding benzofuran isophthalate
: sodium dodecyl sulfate

: SDS-polyacrylamide gel electrophoresis
: standard error of the mean

: sodium-glucose transporter

: SGLT-1 ON-TARGET plus SMART pool
: SGLT-3 ON-TARGET plus SMART pool
: specificity protein 1

: standard

: Tris buffered saline

: 2, 3, 5-triphenyltetrazolium chloride

: vehicle

: 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-

2H-tetrazolium, monosodium salt
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MR EIT, ATEEERO 1 DThY, REICDOIED WAEDOKEKE 1 (I i
L T2 &b, H<MHZOXMRPITONTE 7, 1960 FUTIL, Ml EE B OHE
KFDOEDTh 2@ ME~DORERINIC K> T, WS ERIC L 2T L, 8
TECITEMIAY ., DFEER, IRICRWTIEKR DS 4 Lo Tnd, LLRBL, F
iR 26 A ORMIME R B ORBEL MEEARRIEREZZ T TV D SHE SN D BE ) 1%
117 7 9 TAIKDEL S TWoakh (BATEERE, [k 26 4 BEHEOM
Tl ) IR E LT, MM IREBIC L - T LT BEITZ . FFIC, 65 mll hick T 280
HEER o FERRN & LT, MIAERER] 25 172% Lk <, RNT [FBAE]
16.4%. @&l X 23255 13.9%., ['FHr - 568 122% & 72> T\ 5 (JEEFEE . Rk 25
R TEREFLSHEHRLT ), SRAECRRO—EIIMMERETHY . Ziud TFRAYE)
D 164% IZHIZEHFEND Z &b, IMIMAERBIZ J > TEIER TR - T BE T FERRIC
1% 17.2% LA EE72 0 | I AEREDNEE O TRICE R D833 0 Livzv, B AE R
FURWIE L LTIE, 2001 4E 4 A7 U —F P HABEERIT X TR TN T, 2005 4 10
AR E G M2 B 75 23 27« 7275 ¢ ~_X—2% (recombinant tissue-type
plasminogen activator) 23&FR &A1, 2012 4EICZ OSSN FEIER 3 FFREILIN.N S 4.5 B
BLINICIER Sz D, Lo L b, WBRERIREED D 7e & A2npREmok S| &
I R O . BIEMSEORBENH 5 Z LD, IMILAE R B B TR RN 0 BY
HBITBHOHEE SN TND,

Ji A 95 RO FERRIA F 13 % < BTV AR, ZOHTHEHNC [EikE ) X EEARRK
FO—o>THD ¥V, TRETIC, FRFAES TR, BEEBORIED 27 ) 2~25 fiF
ICHIINT % 2 LR, B U S MIRIEENBEEICHET S 2 ARESh TV D, bl
BRI OBEEE D 70 WBE 12V T H ML E R B FIER IS MR R AT 5 2 &0, 2
O M BEA b 572 BE RIS IR R L - T IERIBEEIC /2 5 K 5 (SRS I HilfE 42 = & T,
RN T 5 L b SN TR Y, MR E L MEEOMERER ShTnsd o,
AIFFEEOFATIEIC BN TS, —@ERFTINENLET v~ 7 2 &2 HOTZiEn o, i
LA b U AERRIZA VA Y VREEMIR T 25 Lo @mieiREN A T, Zng | BERES
WHTHDHA AV EITA RV U ZAWTHIET S Z LIk - T, fd e
BEERBEAUES NS L 2R LTWS ¥, S5IEH T, BEMA L 2AARICL -
THE SN HEOER A, MR EERB OB ZH O 2T 5720, FEfEE KOO
Lo Th D sodium-glucose transporter (SGLT) DffEt4 17> T& 7= 09,

SGLT 13, 7 FU U AR AT X o TR S NIZMIBASA DT R U T AR AR % BRE) /)
ELT, R U A LRI~ T D ZIRIEREE A TH Y | 1~6 DT A VT
F— DDEET S P, SGLT I3 AR i LT Y, ARNOFE%Ic sV CEE
PREEI S, BRI, BIRICHEBLL TV D SGLT-2 [ XB R TOREO FHIRIICE G L,
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INBIZHEBL L TS SGLT-1 3BT OREOWINIZBE S5 Z EnmbnTnsd, £z,
SGLT 7 7 3 U —HrBAFLERITH S phlorizin ODEFH G2 L > T, BlE/NMED SGLT
ZIAET D Z LT MBHEAME T2 2 L8 HESTnD P89 <51z, 2014 4 4 A
M5, SGLT-2 FHEIENSHHIFERIFIGEIE & LTI S, BIFEIX 6 5oy 7 KA ERR S
&N TEY  RMICBIT S SGLT OIERERIZER & N ERRIFZEIER TP T\ s 2
A —FHT, FHRICBWTIL, SGLT-1, 3. 4 BLV 6 NMNICIHAET D 2 & RFMESh
TWDHM, TOMEICOWTIZIFE A S ST 72 P, Fhx OSTTZEICE
T, phlorizin OREIRENTE 512 K - T, A% s mobs 2 Bl U, I i Pph R B 5 8 B3
WETHZEEPLNELTVS Y, &5z, BRAICHKA SGLT ZMETS 2 Lick-
T, R i MR B (S I B I, M AR E N BT 2 2 2 R L TRY .,
JRARE A L AN L 72423, PN SGLT %41 L O MRS E 0 KB A B ST 5
FREMEZ BT LTS 1O ULanL7es b, PN SGLT & i # i Mg & 00360 72 PaH R0
M SGLT D& T A V7 4 —ADOBE- IMN SGLT (2 X 2 AMEE P feiniok [ 2 o 7% B4 FE g
IR EEThHoTe, £ T, AFETIE, MIERERO FREUEDO OO - 721R
WML ZIRRTH L2 AME LT, ZhLDOMHEIT- T,
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i
JiE 1L 7% v A8 2 ST U 7o Rk B R B o0 Y IS xF 3 S MY sodium-glucose
transporter @ B4 5-

1-1. % &

B, AROEERT R LF—JRTH Y . MIOBEREHERCEES IR DE R VE T
b5, FE, ARMERRE IR O F oMM AL L5 Z EBmbLR TS
B S5, BERFEEBICE WL T, BRI L OIEERCH R E R EVE L, Bie kR
EOET B L0, mIMBRRREO R IEI MRV E LB 2D TP, —F, Ml
ERBICBWTY, BIEZOMPMEHIEITEZE L ST\, IMIMEEERIES, M
NETECH, BT THMREZEORIUIEEST 2 Z ERRE SN TEY . 1IEF M
AT DL NEETHD EEZHLNTND 0 x OEITHRICHEN TS, —ifiE
BTN M T L~ 7 2 % FIN G b, BB A b L R ARF 6 REEIS A 5 22 R g
I EH Ligd, 12 BB L0 1 BH&ICITE BRZEEE M ED FEREL, Z0%D
MREERRABES S 2 LARELTWD Y ZomBEEo LRI, gD A b L2
T Lo TIHEMEAL SN SEHRER A OO I T 25 L U B L OB 2L F a A RO
mRe, i - Rkl T o4 o A VEEMEOIER TIZL > THHEESND Z LB LM
ENTND Y, 512, Z ORI @ BT X 2 MM MM S o 56 3 R O — 551
MY SGLT ARI5-32 ATtk LB S0 LCTung O UasLgd s, i i i o
BTk LT, BN SGLT MBI 2RI X A IV TR MET DITIXE > TV iR o Tz,
2T, SGLT 77 3 ) —HERMFLEAITH 5 phlorizin ORERFIERZLE BT 25 2 &
T, ZNOHORNT 2Tz, Eio. MR & fEE & 4PN SGLT D REl7e B & M+ 5
72®. invitro OIEM%EMPEET LV E/L L, ZHEREIT LT,

KREOHTENEDO —HIEL, TrEDm X & L THEE L,

1. Yamazaki Y., Harada S., Tokuyama S., Relationship between cerebral sodium-glucose transporter
and hyperglycemia in cerebral ischemia. Neurosci. Lett., 604, 134-139 (2015).

2. Yamazaki Y., Harada S., Wada T., Yoshida S., Tokuyama S., Sodium transport through the cerebral
sodium-glucose transporter exacerbates neuron damage during cerebral ischaemia. J. Pharm.
Pharmacol., 68, 922-931 (2016).



1-2. EB B L OHE

1-2-1. FEEREN

{RE 24 — 259 @ ddY RiEPE~7 2B L OUEIE 16 HiD ddY Bt~ —7 213 HA
SLC #all&th (Fl, AA) 22DEEA L, ~ 7 AIRRE 24°C, E 55+5% DBREE I
BUTHBE A 7 A% 12 IR (AM 8:00 24T, PM 8:00 {4T) OEMICTEE L=, 7235,
B (U = ZOVEERE, B, BA) L/KITHBICEBRE 7, EBRICIX, (KE2 25
-30g IZo7cb D, b LIE, IR 17 Al ~ v 22 FERIZHEL7-, £ TOERIT, A
RIEFFDZNRET 2B ERICBIT 2 HEHIIEV, Fio, M ERKFEMEE S OK
BAEFTTo e (KREFAL5-12, 16-10),

1-2-2. —iPERETME e 7 L~ 7 A DVERL

—EME R PTINE LE 7 L~ 7 A OFERLIE, Harada & O FIEICHE-72 Y, BAREgIZIE, 1K
N 25 -30g (27202~ T RICK L, A VY TINT Yy (THRy hPv 30, KK, BHA) 12
KXo TaHMEE CEA: 2%, #HFf: 1%) 2t L. P RIMEIIREAZE (middle cerebral artery
occlusion, MCAO) EZ HWTIER L7z, i o IR/ EMHAKE= e —F —
(ATC-101B, = =—2 A7 1 J1/b, Kk, BAR) W THIEL, E—%—~ > I (FH-100,
== AT 4 FV) T 37 £ 05°C ITHER: L7-, EAREME . ~ v X ORTHEIZEE
WD 5% T, MEMZICEE Lz, SHEZ EFRR IR L, M4 T8I HEE LM<
& B INNSEEOFHAZ MBI EH L, 8ikY Lo XA THEE Lo, RIZ, RSHENRZ HEEL
HEREAR (RSB BRUERT, B, AA) THRE L, slEkis. SEHERA FIHE -
Mgk Lz, D LFal~51 & LN RZ #IBE L. AR 2 NSHERD TR IE Lk
BRETIOHOL RICEE L, BEERO G HIZE 0 IALZ AN, 21 & WK
T CTHAT 5 2 & CHRRMENRZ BAZE L7 (i), &Iz, WSEHBIRZ 55 L. BB
1AL, A=A —VICR Lz, il 2 B, BEA Y I Tl oTw Yy
AN 03T ke v ) o U BHIRER A SINSHENREC AR IZ Sk A £ TRIE L, K
RHBYIRLZ I 2 (214 S & (FREVE). Ziva: —@rERpE 2 b L AAffE Lz, SO
UIBRERZ 3 #HEA L. ~ U RER—LF =R LT, SREETH H4FI (sham) 132
BYEHALZNEDOE L, ZOMIZ MCAO L RIERICIT>72, MCAO #Jid = & T, ik
ML 40% K F L, FHEEHIC L > TEIE 100% £ CHIET S Z &k, LIRS LTw
%9

1-2-3. ZEfe 1 DAFRL

80T A u itk (I AU EE. HA) & 1Llecm OESTUY ORI D LD
28y, 20¥S5ERBY OS5 L, BB TV RWEEND 4mm DL ZAETE Y
Y = HE [PROVIL® novo Meadium BASE (HeraeusKulzer, Wehrheim, Germany), PROVIL®
novo Meadium CATALYST (HeraeusKulzer)] CHERIZHE S a2 —F7 1 7 LTz,
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1-2-4. ZE JERE M pEAE O I E

~ U A LRI (KH) 2133 AT 15 KLUl AR L2, £ 1.5 L iz~ v =
D REARD HEREL . AN MBI E g 7 L 32— A - 23f 1w kb (Aventir Biotech, CA.
USA) 2bNZ, Zrva—Afay T A MA MY > (Aventir Biotech) % VN CHHIE
U7z, ZEfE e e o s N &2k O X CH Y L 7=: Fasting blood glucose (FBG) level change =
FBG after MCAO — FBG before MCAO (pre-MCAO FBG), pre-MCAO FBG £ MCAO @ 48-96
IR AT IE L7z,

1-2-5. FEIEHLIERL O R

MCAO 1 ¥£7213 3 HRIZ, ~ 7 AZFHMEMLFIZ K o TLHIE S B RITHWEAZ ATV, A
ZHEH L7z, Bregma 7O RMIAANIZ, 0, +2, +4mm THIE L7 2 mm JE O M)
b 3 BB L. 2% 2, 3, 5-triphenyltetrazolium chloride (TTC; Sigma-Aldrich, MO, U.S.A))
TR T 37°C.10 MYt zAT o 70, Yetatt M &2 2 KEEZEIRIZ T 4% paraformaldehyde
(PFA) (Sigma-Aldrich) C&7E L. phosphate buffered saline (PBS; Sigma-Aldrich) & C&E# L 7=,
JMBIA1E, AF v F—THEBRE L TRV AL, TTC ICX > TRAISNTWRWVEWES &
FEZER L LT, F7o, BERERELSMI S, MREDORELRTHEROOADES NS
FHEEE & L, HEOESWAEWIZEREOREN R E WV EfE Lz, FZEROmEEL
OHEAOEASWTEGA#T > 7 b Image J (Wayne Rasband, Bethesda, MD. U.S.A.) %
THIE L, W& OB S5 5= &MY 7 OFFJER OEFE (infarct area) & bregma 7>
5O MEEZ VT, RIZERLARRE [infarctvolume (mm®)] %R 7=,

1-2-6. 1TENE T O

{TENV R E OFMIIL, Harada & O FIEICHEV, 1TEVEF OFEERI/>FE (neurological deficit
score, NDS) % FVVCEHfi L7= (Table 1) ¥, MCAO ~ 7 2% A\ & sham ~ 7 & & HEQLE
DIEF~ 7 A (control) ZAR—ALr—I b LNy —I12 1 B3 DA, 1 R T8 %
B Lz, FHMEEE & LT, Bk, BEH, UERRE, HREKNHO 4 HEIZOWTER
ZIEBL ATERE ORELZBIE LT, Zhbd 4 HADOGHMRZ NDS & L, 58O
WHR< U ZADITEREOBRENRRENETHME L7z, ZNENOHEBIZONTOAE%.
Bk (00 IEH., L EHEAEIDR0, 20 57, 30 Bk, 4 FBIE, 5 3EL) ., HEH (00 E
.ol BUENER, 20 TN T BT, 3 BERL, 4 SECeu, 5 @R Y), DU ERREE
(0: IR, 10 g 20 BikE) & L. SWELANE, tail flick test (RFEFMHEVEIL) 12X > CTHF
fili L7z, Tail flick test (i3, tail flick EELNRMELEE (MK-330B, =HTEEMR, HAt, H
A) RV MEOBEGE LT, By A TIX 10 B E Uiz, RO 551, MCAO
BICBIT DGR & MCAO ALERTORISERE D=L LTz,



mH 1 2 4
EE 0 3 5
. EE EHEBEEHEL ) Bk k(3 LA
=" (normal) (restless) (lethargic) (stuporous) (seizures) (death)
- EE BIRDRNEE  TUNFURET TE= SLTHLY Byl
= (normal) (paw) (undaianced walking)  (circling) (unable to stand) (no movement)
EE EEd iz
og 33 i —_ —_ —
PR (normal) (spastic) (flaccid)
BRI Tail Flick RiGEROZE (1) = MCAO B %D KIEER () - MCAO BTN K IEEEF (7))

Table 1 - Neurological deficit score after MCAO.

1-2-7. Phlorizin ®O#%5-J514

SGLT family #FRAUFLEIKTH 5 phlorizin (EEA LR LMD, HRE, BAR) (3HHE
TRIER D DML 6, 12 FRRIZICHMEEN (intracerebroventricular: i.c.v., 40 pg/mouse) Hilal#% 5-
L7z, ®HEREEIZIT 4% dimethylsulufoxide (Sigma-Aldrich) %5 - L7-, lLcv. IZ, Haley and
McCormic D FHEICHEVT -7 3,27 Z— P OVEREIO A 2.5-3.0mm 12725 L 50
T L. BEHIEZHEN 225 6 bregma 7> 5 BANZ L mm, ZMAIZ 1 mm OARENIC 10 L &
H L7z,

1-2-8. AN (SH-SY5Y . KR B AR A S 28 )

b M REEEEMIE (SH-SY5Y) X, penicillin (100 units/ml, Invitrogen, Carlsbad, CA, U.S.A.).
streptomycin (100pg/ml, Invitrogen) 35 XY 10% heat-inactivated fetal bovine serum (Biowest,
Nuaillé, France) % & ¢ high glucose Dulbecco’s modified Eagle’s medium (DMEM: FlYffi T
AL, KB, BAR) 2V THAE L7z, SH-SYSY Ml OMHIRIZK 7 B TH 2,
AR DI ISR EE 1% C{%é:ﬁ‘ ETHE LT, MM 7~8 H H O A FEERIZ
F Tz, FIAN T B U 7 AR EEORIE 2L 35 mm glass bottom culture dishes (R 1RAHF T34k
Rath, KB, BA) (CHkfE L?‘:n‘\ﬂiﬂ@%ﬂﬂb\f:o

KR AP EE MR IR A 17 B~ 0 A HEEE L7z, BRI, B
LR~y 22 L FE 2/t Lz, 7 ) =0 _RUFHNTHFENDS %ﬁki@%@
A2 L, K EICHEfE L7z Leiboviz’s L-15 Medium (Life Technologies Inc., CA, U.S.A)
DASTT v — VI AN, FEREBAMEED T Calbd & MM 2 FIEE L MR E 2 L 72,
DT 4 v 2 llBLTAATHIE L., 0.01% deoxyribonuclease (Sigma-Aldrici) 35 & O
0.05% trypsin (Sigma-Aldrich) % &de PBS (Sigma-Aldrich) A#ZIZIN %, 37°C T 12 43fH.
B2 R LN B A ¥ a_— b Lz, ZD., trypsin inhibitor soybean (Life Technologies
Inc.) % 0.05% L7225 X512z, KETHA LG ZEIES T, BliAE Xy b & HNT
MM Z1Z < L, 1,000 rppm T 5 il L7z, EJEZ®EI L. PBS (Sigma-Aldrich) T LA
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Jaz 1< L7212 1,000 rpm T 3 S L7z, EiEW S, 5% heat-inactivated fetal bovine
serum (Biowest) ¥ X T* 5% heat-inactivated horse serum (Invitrogen) . 100 U/mL Penicillin-0.1
mg/mL Streptomycin, Liquid (Invitrogen) % /il 2. 7= DMEM/Ham's F-12 with L-GIn, Sodium
Pyruvate and HEPES, liquid (Nacalai Tesque. #i#f. HA) AW THIlaZ 1< L7, Mlaz 5y
S A U, Miias 2 B0 Br& | MmERGHRMR 2 W Tl a2 25 2 7=, flaid,
H 5L poly-D-ornithine (100 pg/mL, Sigma-Aldrich) Ta—7 4 > 27 L TBWe 7 L —
MT 15x 10° cells/em? & 722 X 9 \HEFE L 7=, #5678 48 FF[#1#% [second day in vitro (DIV 2)]
|2, cytosine-B-D-arabinofuranoside (AraC. Sigma-Aldrich) Z¥IN L., Z® 24 K% ICERE
L7-, ¥ 5 HH (DIV 5) IZ&MIEMZEL, £D 1 H%IZ western blot DY~
IV X OSSO R 21T > 72,

1-2-9. #fafh iR OB, 35 L western blot i+ 7 /Ll

6 well 7' L— MMIRERE L 72 KB E AN Ml ds L O° SH-SYBY #ifladix, PBS T
2 [F]¥E# L. homogenize buffer [20 mM Tris-HCI (pH 7.5). 120 mM NaCl, 4% tween 20, 2 mM
B-mercaptoethanol, 1 mM NazVO4, 5 mM benzamidine, 20 mM NaF, 1 mM p-nitrophenyl
phosphate, 5 mM imidazole] 150 mL (Z 50 pg/mL trypsin inhibitor, 50 pg/mL leupeptine, 50 pg/mL
aprotinin, 5 mg/mL pepstatin, 1 mM phenylmethylsulfonyl fluoride (PMSF) % /Il 2 7= 1A% % #N
L. BAVAZ L—R—=TZ T Vo7, TDO%, Y=br—valloTH VT E R
H L. =008k (15,000 xg, 4°C, 5min) (X > CTHELN BiEZREIX L2, EiEIE 10 f%
WAL, Lowry HBIC K> TH NI BHEEZIE LT, TORRE S LY o7 HiE
ELT10 ug Z47HtL, 3 x sodium dodecyl sulfate (SDS) sample buffer [0.15 M Tris-HCL
(pH6.8), 6% SDS. 18% B-mercaptoethanol, 30% glycerol, 0.004% bromophenol blue (BPB)] %
AL, 2 97°C T, 3 ZrRIniE Laleom ook Lz s D% western blot 4> 7L &
L7z,

1-2-10. SDS-PAGE 15 JU* western blot % (SGLT-1)

& X7 1E 10 pg/llane & 7.5% AU T 7 U7 I R 0% VT SDS-polyacrylamide
gel electrophoresis (SDS-PAGE) (Z X - CTorlE L7z, PkEhSMEE LT, 120V, 90 43, ~—7
— & LT Precision Plus Protein Standards Kaleidoscope (Bio-Rad Laboratories, Berkeley, CA.
USA) ZHW=, BEXIKENI., ¥ 27378 1L semi-dry transfer 52X~ T 15 V, 50 53D
24 nitrocellulose fEIZ#RE: L7z, SGLT-1 dRHIZI%, nitrocellulose % blocking buffer
[Tris Buffered Saline (TBS)-T {20 mM Tris-HCL (pH7.6). 150 mM NaCl, 0.1% tween20} + 5%
bovine serum albumin BSA (Sigma-Aldrich)] &> H1C. glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) ®#iiziX, nitrocellulose % blocking buffer [TBS-T (TBS. 0.1% tween20) + 5%
AFLIVT (R TEKRA ) oF T 1 FFREEIRICB W TR, S E 727, rabbit
anti-mouse SGLT-1 polyclonal antibody (1:1,000, MEC Millipore, Darmstadt, Germany) ¥ Xt

7



mouse anti-GAPDH monoclonal antibody (1:20,000, Chemicon, CA, U.S.A.) % 4°C T—Hffx
Ji ST, IR T 1 FEEA ¥ 2 X—  L7c%. nitrocellulose 5% TBS-T T 3 /32 & D
Vet % 10 [T 7-, Hev T kP& LT, horseradish peroxidase (HRP)-labeled affinity
purified antibody to rabbit IgG + IgM (H + L) (1:1,000, Kirkegaard and Perry Laboratories,
Guildford, UK), HRP-labeled affinity purified antibody to mouse IgG + IgM (H + L) (1:10,000,
Kirkegaard and Perry Laboratories) % =i C 1 BFHSG SH 7=, £ D%, nitrocellulose fE%
TBS-T T 3 43 Z L D% 10 [B[{T-7-, Pierce Western Blotting Substrate (Thermo Fisher
Scientific inc.. IL, U.S.A) @ No.l & No.2 i A SR Uik 42 D TR A S,
Light-Capture (ATTO) THriZ L7z, /3 RO5&EE X, CS-Analyzer ver. 3.0 (ver. 3.0, ATTO) %
FWTHRIT L7=, 572 SGLT-1 @32 & GAPDH D3 RIZTHIIE L7=,

1-2-11. SH-SY5Y AR T kU &7 AJREEHIE

AR B Y 7 AR, wET MY U AR RIETH D sodium-binding benzofuran
isophthalate (SBFI) o> yGH8E A BN BEM%EE (DIAPHOTO 300, Nikon, HU, HA) BLW
O R AT I [ ARUGAS-50 Hamamatsu Photonics, #efa, HAR) Z W T, 10 B 114
BJIE Uiz, AN R YU o AJEFE 1L 340/380 nm bb BRI L7z, SH-SY5Y #ifEiL, 10 uM
SBFI 3 XU 0.02% pluronic F-127 (detergent) % & ¢» standard (STD) solution [140 mM NacCl,
5mM KCI, 2.5 mM CaCl,, 1 mM MgCl,, 10 mM HEPES, 5.56 mM glucose (pH 7.4)] %%
T 37°C C 1 WIS S /70, MlashEZ 2 ml/min O S CTHEEWET 5 2 & THEYZ TN
L7z 7T U DAT Y =R E LT N-methyl-D-glucamine (NMDG) solution [140 mM NMDG.
5mM KCI, 2.5 mM CaCl,, 10 mM MgCl,, 5.56 mM glucose (pH 7.4)] % Hv 7z,

1-2-12. HYRLE & il AR ORI

96 7 /L7 L — MMIHERE L 7o KM R E MR AR B MR IZ . hydrogen peroxide (H,O,: 50,
100, 200 pM; Santoku Chemical Industries Co., # 3T, HA), phlorizin (0.5, 5, 50, 500 uM; #
AL T 2R &4, D-(+)-glucose (8.75. 17.5. 70 mM; Nacalai Tesque). mannitol (77 mM;
Sigma-Aldrich) % Bld 2 VW FHEALE LTz, £ 1 BERICE AT 21TV AR EGR &
RETH 5 2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium,
monosodium salt (WST-8; Nacalai Tesque) % 10 uL 2RI L. 3 Kff] CO, A v F 2 X—%
—WNTERARISETT Tz, b#, v 27 a7 L— ) —Z =%\ 450 nm DR %
HE LTz,

1-2-13. et Ry

2R IC B T (ANOVA) fi#dT & 2 W id, F BE %17 - 72 %12, Scheffe multiple
comparison test, unpaired Student’s t- test, Turkey multiple comparison test % A\ CHEaHIARHT
EBAToTz, ATOMBITVYE + GRS (standard error of the mean; SEM.) & L THRHEL
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Too ATEIRFE RO ONTE - REEEOMRICE L T, Steel-Dwass test of post-hoc
nonparametric multiple comparison test 217 - 7=, #5®IL56 0O fﬂ’(“i‘%b FrR ORERRDS T
fE, FO AN 3 Wy, FAnE 1 Moy, T HE R/ MEZR LT, AE
ZEIX, fERE 5% ZHUEL LT,



1-3. #6 R
1-3-1. Phlorizin 5 5-73 i i i A A B o~ R 3K RR ) 7 2 28

MCAO 1 H#IZkF 5 FBG i, sham # & ki L CHEIZ EH L7 (Fig. 1A), F7-.
Z O EFIZ phlorizin OMENEEGIZ K- Tl A BB E % T 2o 7= (Fig. 1A), —5 T
MCAO 3 HRIZEBIT ZFIZERIEALI, phlorizin OFEFERIE R F 7213 12 K% OMEN B
51T vehicle &2 57203 o 7275, phlorizin OFJER 6 BERI%KRGIC X > THEICH
#il & 7= (Fig. 1B and C), [AIEEIZ, MCAO 3 H&RIZI T HITEN RS (X, phlorizin & FHET
B E 21T 12 REE ORI NEE LT X o TIHl S u7e o 7223, phlorizink O FFERE 6 FF
%KL > THEICEES - (Fig. 1D),

A — [ *%
- *%
2 80r 1
g’ I * * 1
£ —
o 60
M
Y40
o
2 m -
ISy
(&)
5 0
c veh PHZ veh Oh 6h 12h
sham PHZ (40 pg/mouse)
MCAO
B C

bregma (mm)

sham veh Oh 6h 12 h

PHZ (40 pg/mouse)
MCAO

veh O0h 6h 12h
PHZ (40 pg/mouse)

*% ##

| .

0
veh PHZ  veh Oh 6h 12 h

sham PHZ (40 pg/mouse)
MCAO

NDS (score)
N

Fig. 1 Time dependently effect of phlorizin on the development of cerebral ischemic neuronal damage.

(A) Fasting blood glucose levels on day 1 after MCAO. (B) Representative photographs of TTC staining on day 3
after MCAO. (C) Quantitative analysis of the infarct volume. (D) Neurological deficit scores on day 3 after MCAO.
Vehicle-treated sham, PHZ-treated sham, PHZ-treated (at 6 h after reperfusion) MCAO, and PHZ-treated (at 12 h
after reperfusion) MCAO groups: n = 8. Vehicle-treated MCAO group: n = 12. PHZ-treated (at 0 h after reperfusion)
MCAO group: n=7. P < 0.05, P < 0.01, *P < 0.01. Veh: vehicle, PHZ: phlorizin.

10



1-3-2. @7V a— A AR L DM T U U AREEZ L

R R AR 2 MR 38 L O SH-SYBY il T, SGLT-1 & > /37 B3 BlH e
N7 (Fig. 2A), SH-SY5Y MRz 31T AN T U w7 AL, 17.5 mM glucose in
NMDG AKICE T 2 Z & T D00 Lz (Fig. 2B), %72, 35 mM glucose in NMDG
TR A~OEHIZ X > T ORI T F U O AREICIT R A B2 b0 727> 7273, 35 mM glucose
in STD R~ DEHUZ L - T, MW T h U o AR S 202N L 7= (Fig. 2B and E),
—7J5. 35 mM glucose in NMDG ¥&#7>5 . 0 mM glucose in STD ¥&i~D EH#ZHIImAN T ~
U o LBEEDHLP )R FR AR LT, (Fig.2CandE), & 512, 35mM glucose in STD &%
WX AMIMEN T Y T ABEEEORIINE, 200 uM phlorizin (2 X - THEIZHNH Sz (Fig.
2D and E),

SEEECEEE

o 4(9*
‘0'2’\“ 5‘(\5
006\
&
B C
17.5 mM glucose 35 mM glucose 17.5 mM glucose 0 mM glucose
in NMDG in STD in NMDG in STD
~1. . : : ~ 15+ '
3 15 35 mM glucose 5.5mM glucose & 35 mM glucose
S i inNMDG { inSTD S i in NMDG !
o ! ! 5] H 1
e ‘ : 2 107 ‘
£ : £
[ | c
o [=} ! ! :
§ W ;3 0.5 ! 3 3
g i e | T
g | 1 E L 1
I ! ‘ ; 0 T T T
0 10 20 30 0 10 20 30
time (min) time (min)
D E -
35 mM glucose 5.5mM glucose T P
in NMDG in STD —— * [ —

~15 E~
= 175 mM glucose 35 mM glucose g = 02
s 1 1
5 | in NMDG | i inSTD 23
© : Q=
® 1.0 | ! ? =]
£ l ; { 200 uM PHZ S o 01
c : | | ! o "
o | ! ! : 33
E';, 0.5 { \c-; ‘g
g ! 8 ol [~
[ 0 { N - ; NMDG STD NMDG STD

0 0 20 30 35 mM glucose 0 mM glucose

time (min) - @
200 pM PHZ

Fig. 2. High concentration glucose treatments increase intracellular sodium influx via SGLT.

(A) Representative Western immunoblots of SGLT-1 in primary cortical neuron and SH-SY5Y cells. (B-D) A
representative ratiometric recording of [Na']; from a single SH-SY5Y cell. Perfusates were replaced with the
indicated experimental solutions. (B) Changes in intracellular sodium concentrations following treatment with 35.0
mM glucose. (C) Changes in intracellular sodium concentrations in the absence of glucose. (D) Effects of 200.0 uM
phlorizin on 35.0 mM glucose-induced increases in intracellular sodium concentrations. (E) Effects of phlorizin
blockade on average responses to 35.0 mM glucose in SH-SY5Y cells. (B-E) 70-118 cells in 2-5 independent

experiments. ~P < 0.01; Data presented as means + SEM; n.s.: not significant. PHZ: phlorizin.
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1-3-3. Rt A b U AFHEMEOMIESEIZ %S5 phlorizin ALiE o528

H,0, (50, 100, 200 pM; 24 B#i) ALEIC &> T, HEEAEN A B IR O
TAFESH B (Fig. 3A), 100 uM H,0, ALE% OMIfaA F#RIL, R FE 0 >F BT
> L7= (Fig. 3B), 100 pM H,0, ¢ 24 BFfEALEIZ L - THEIZHED Ui filadF3i1,
phlorizin (0.5, 5. 50, 500 pM) DIEALEIZ X - TR A & EEZ 21T 72 h- 7= (Fig. 3C),

A B

~—~ *%* — *%
o 150 [ *% | o 150 [ *%
g Kk g [ Kk
(&) T (&S]
5 1001 5 100t =+
S S
< 50t < 50r
= =
c ' 2
=] >
n O+ o Ot

control _ 50 100 200 control _1h 3h 12h 24h

H,O, (uUM) 100 pM H,0,
C

S 1507
+— *%
3

L T
5 100
S
< 501
=
c
>
n 0

control O 0.5 5 50 500

PHZ (uM)
100 pM H,0,

Fig. 3. Effect of phlorizin on H,0,-induced cell death in cultured cortical neurons.

Survival rate was measured by the WST-8 reduction assay. (A) Effect of H,O, in cultured mouse cortical neurons
(control: n =5; 50 pM H,0,: n =7; 100 uM H,0,: n = 7; and 200 uM H,0,: n = 7). Survival rate was measured at 24
hours after H,O, treatment. (B) Time course of survival after 100 uM H,O, treatment (n = 14). (C) Effect of PHZ on
decreased survival rate after 100 pM H,0, treatment (control: n = 9; H,O,: n =9; H,O, and 0.5 uM PHZ: n = 8; H,0,
and 5 uM PHZ: n = 12; H,0, and 50 uM PHZ: n = 12; H,0, and 500 uM PHZ: n = 5). Survival rate was measured at
24 hours after components treatment. (A-C) “"P < 0.01. PHZ: phlorizin.
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1-3-4. @& 7V a— 2B R L O Hy0of 7L 21— RHLEIZ K A HEAEIZ %9 % phlorizin D

i

8.75 mM glucose AL LML EAFRITI A BEELE RIT S e o> 722, 175 BX W 70
mM glucose L& I EEKIFHN OB BERMIBAEGFREOIKR T 2FHE L (Fig. 4A), 77 mM
mannitol L& T AETERICE L2 h > 7= (Fig. 4A), 17.5 mM glucose L& |2 L A& 72
ARRAEAEZR DK T X, 5 uM phlorizin O HALEIZ K - THEIWICHfI 7z (Fig. 4B), 100 uM
H,0; |2 X 2 A B MIAFEOMKTIX, 8.75 mM glucose # HALET 2 Z LICk - THE
[CHEFE S 72 (Fig. 4C), & B ICZ OEE, phlorizin OIEALEC X > CTHEKFEAIZHNH]
&}, 5 uM phlorizin (2 X > THEICWES = (Fig. 4C),

A ~~ B ~~
§ 150 *% ## é 150 *% #H#
< I *x | ] = I I ]
3 3
+ 1007 45 1001
S S
< 50t I . < 50}
= =
b b
@ 0 @ ot
control +8.75 +175 +70 + 77 control O 0.5 5
glucose (mM) mannitol PHZ (uM)
(mM) +17.5 mM glucose
C
§ 1507 *% # Tt
] I I I ]
38
+ 100
S
< 501
2
S
@ ot
control 0 0.5 5
PHZ (uM)
+ 8.75 mM glucose
100 pM H,0,

Fig. 4. Phlorizin reduced glucose-induced and H,O,/glucose-induced cell death in cultured cortical neurons.

The survival rate was measured by the WST-8 reduction assay. (A) Effect of added glucose in cultured mouse cortical
neurons (control: n = 6; +8.75 mM glucose: n = 6; +17.5 mM glucose: n = 4; +70 mM glucose: n = 4; +77 mM
mannitol: n = 11). (B) Effect of PHZ on decreased survival rate after +17.5 mM glucose treatment (n = 8). (C) Effect
of PHZ on decreased survival rate after concomitant treatment with 100 uM H,0, and +8.75 mM glucose (control: n
=6; H,0,: n = 12; H,0, and +8.75 mM glucose: n = 14; 0.5 uM PHZ: n = 6; 5 uM PHZ: n = 6). (D) Effect of a-MG
in cultured mouse cortical neurons (control and 0.1, 1 uM a-MG: n = 10; 10 uM o-MG: n = 9). (A-D) WST-8
reduction assay was performed at 24 h after WST-8 treatment. *P < 0.05, P < 0.01, *P < 0.01, TP < 0.01. PHZ:

phlorizin.

13



1-4. & %%

I, M SGLT & /ML U & D FEM 72 BEEE I ST invivo 38 X T8 in vitro
DRI E T V& W TR LTz, RS CTHWZ invivo ORMEMET Vi, B m A k
L A AR R0 D M O KIMEHE . #RE IR T J OWEIS CHREZERL A E AL S, MCAO 3 H
BCORKEARY, 5 ARETHRT AL 2HMEL TS Y, KoT, EMUEIC L DK
R PR R O R B 2 BlE2 T 572012, MCAO 3 B# DO~ A& AW CRlliZ1T -
oo ETHOIC, SGLT 7 7 I U —FHEAHFEAITH S phlorizin 2 T, B & b
DE U DRTOBRPE T 2 “FRHEN L%, M M%) M3 L Ul 5 By C b 2Pl 6 IRF
W7, BEICHE MR MBEAAE U TV DB TH 2 mHEf 12 %IV TN SGLT
ZIEE L. M SGLT %t L 7= i i MEfi R b D 8 B HE T & 1 1. 7% i) i ~ D BE 5o o
W THERFAGIC RS U7z, BRI i B 2345 U TV 2R W BERS T I, phlorizin 13804372 < |
22 IR MBI 0D A3 0 4hsd TOMMN SGLT DI L » THESENE LN Z &b,
IEF MRS T, B4 SGLT 3N M MR FE 3 O R B EIC B G- LW A3, m ke <
X OB T A RS R E Nz, T b IEHe OITHZEE — LT W,
phlorizin D= N5 CILMBHE FEA 2N & FICfEERTICEE L2 L0vb,
MR A% L2 BN U 7= BEASIMN. SGLT ICEHERICER L CWA Z ERNEZbD, £i2, %
RE IR A 23 A B HE N LT 2 BERE T O SGLT ol BEICAMN SGLT %4t L7
Jibh i i AR FE S D FS I N R SN T W72, SEDRE S B - aTREMEN
BEZohb,

SGLT IZ XD 7 v a—A0wkZiE, 7 ) VABRRRRTHY, /2, SGLT %/ L7z
T U Y DAL, MRS D 7 3 — R TRAFT B T e b T S B3 R,
SH-SY5Y MflcIWTh, F MU U LAFEE FCldm 7 v a— A BRI L > TN O T b
U o AREIIAREICES L, phlorizin TZAMBISl Sz b, SGLT #4 LizF b
U ARADBHER SN, £/, TRV ULAETVa—2AOW R FEET HEE06T
U AEH NIV a— AT 0GR FICEZ T HAI, RN R U ARET DT
L ESR Lo lcZ &b, MilANETOF Y U AOF BTN T Y 7 AR
WFEAERE LW LRI, HIIRANT N Y U AREITER 2 2R 72 X < BT
Lo THEFEMICRIENA TV D, SRIOBRFTIEZ, HIIENT N U ARES L2858 LT
T 5720, MIlSNEEZ T b U U LIFFEESRIFIC L, MEAT R U ARE A DT DT
HBLTHLREIZ NI —AFMHEIZL TS, 7 M U AIEFESMIC L > ThT Mg L
TCAIRNT Y T AR SR U LAEROMMET 52 &L CilaoEEEEZRE D & LIk
O, IV a—ZAFEFETTHLOTNICHIENT N D ARERER LB ONS, U
e B E L, M SGLT 24 L) b U ¥ AOHMENGEA Z 8 EIC 3 5 AalHE
PERREINIZZ 0D, ZTHUDEE MEMREEREAHEEST 2 E 205,

Invitro ORFFTIIMEMA S L AL LT, LA NV AEZFHEET D HO, ZHW -, &
EA B LRI I K DA RARISE D EERJRR Th D Z N5 TEY | in vitro &
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ICB T BB MO TRA STV S ¥ RHFZETIL, H0, ORARKFENSH 5 IX
AU AEA 2 A AR R DR EHT X > T, Hy0, 100 uM % 24 BEfEALE 2 JLuE L L=, 100
UM H,0, 12 X 2 lIasELC phlorizin 13 HAEH S 2 B0 BRL A b L AT K DAl ust
(Z1E SGLT 1XBILE LAgWrTREMEDS R STz, RIS, B5Hid oD glucose #&IREEADS, BEMiUFIHK
HFIZEH SLD glucose JRED, ZE4 15 {5 (+8.75mM), 2 fi5 (+17.5mM). 5 % (+70
mMM) 12725 XD ICHLE L= & 2 A, BiRIE glucose BT L - THBE S5 RsHIasELz .
SGLT 235 LTV D AIREMENS /RIE S LT, milREED glucose AfifIC K D MRARIUAELC, 1=
FEITEEL 202 A3, 77 mM mannitol ALEIC X > THER S 7z, £72, 100 uM H0; 12
X DAMIZEDS, A Tl RHIIAE 2 755 L 72> > 7= +8.75 mM glucose % H:ALE 25 = &
WX TS 2R L, 2% invitro OFEMEEIMEETT /L E Lz, Invitro @
o 1154 1) U 6 7 /LA 331 2 AR SE OB IZ B\ T, SGLT DB G- 237D B, M
SGLT 1%, ML A b L AIC K DRI IZBI S L2223, mLBRREBIC B W T, i
A A2 FHE o 5 W I S S TRt s Sz, L EDORERN G . M SGLT 12 &
2 B PR 2 DO R BRI, A MARIRE DS WA CTH D Z LR STz,

ARETIX, AN SGLT & itk & i O BaRIEZ B 5202 L7, In vivo 33X in vitro
DELLDORFHIBWTHINAN SGLT 1%, #H @ glucose i EE T UMM AR FE A8 B
OHAFER AL 72 B 72003, Gl L0 L&V glucose JEE Tl Z N AHES 5 alfetEsvR &
ATz, BRIRICIWN T, ISR B A FEIE U 72 FEHEIR G BT D) 6 FIAN R Mm% & b IR e %
B3I LRME STV M) ORI O BATIE, R4 S T K B RS E R O
AT 572 O OFBIARIEDORRBICH L T2 LN TE L LHIfF SN D,
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¥ MY sodium-glucose transporter type 1 7SR i fe R i oD 36 B
(2R F R

2-1. ##

B—wmD, N SGLT 23R iM% & ffE 2 7 U CINE M ErR RS OB 2 R S 5
ZEERREH L, L LG, IMNICHFET S L S TnD SGLT-1, 3, 4 BLV 6 @
TAY T+ —LOEENIAALREETH D, RFEEDOLITHRICE VT, MCAO 1 H#%
DRI = 7 FEE T d 2 KB 3 L OMRERIRIZH VT, SGLT-1 OFRENFEISHINT 5 2
EEMBLNELTWS W, £/ SGLT-1 (TR EICRB L TWAH Z EBmbhTing 9,
LB S BN SGLT-1 ASIMEE M PR Afik e o5 BRI B 5 L TV B TREME S B & 55
Z. N SGLT-1 12 B LIREt 21T - 7=,

F£72. MCAO %DM SGLT-1 HBLFHFEMT L 5 & 72> Tngn, KIEIZHB W T,
T LF =R —& L TMb5N TV 5D 5-adenosine monophosphate-activated kinase
(AMPK) 7% SGLT-1 OFBIFFEICRIE 2 = L 03 Wi ShTung “*9 AMPK 138K 2
REEFE D L 572 A M VRS TIZB T, Ml ATP L-ULsid L, filaiN AMP L
S ERLESRETICBWT, VUBbd s 2 Lic ko TR bERT D v AL A
=¥ F—ETHD Y, F, MEMA L AARICE S TR AMPK 23EME(ET 5 =
EAHE S TWD MO Lo TN A b L AARE O AMPK OTEHEEAS, SGLT-1
DFEBFEI T THE OV T L THRE LT,

il

KREOHTENEDO —HIEL, TrEDm X & L THEE L,
1. Yamazaki Y., Ogihara S., Harada S., Tokuyama S., Activation of cerebral sodium-glucose
transporter type 1 function mediated by post-ischemic hyperglycemia exacerbates the development
of cerebral ischemia. Neuroscience, 310, 3674-3685 (2015).
2. Yamazaki Y., Harada S., Wada T., Hagiwara T., Yoshida S., Tokuyama S., Sodium influx through
cerebral sodium-glucose transporter type 1 exacerbates the development of cerebral ischemic

neuronal damage. Eur. J. Pharmacol., (in press).
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2-2. FAEHS L O5E
F—E (1-2) LRROERMENS XOHIEICE-T-,

2-2-1. JI 8 HALIC IS 1T D MRk H IR OFREL, d6 J T western blot 4o 7L

¥ AZFMEBFIZ L o TREH ST ZRICTHEHZITV, et L, Ki T T
Glowinski & Iversen D GVEIZAE > TRIMBVE, 5. SRR, HUR THEL. WRER, JERE. /MM
72 NP A B L7 ), 2y E L 7= & I4ERA7 1T homogenize buffer [20 mM Tris-HCI (pH
7.5). 120 mM NacCl, 4% tween 20, 2 mM B-mercaptoethanol, 1 mM NasVO,. 5 mM benzamidine,
20 mM NaF, 1 mM p-nitrophenyl phosphate, 5 mM imidazole] 150 mL (Z 50 pg/mL trypsin
inhibitor, 50 pug/mL leupeptine, 50 pg/mL aprotinin, 5 mg/mL pepstatin, 1 mM PMSF Z ¥ L
7= ¥R CHE{L L (800 rpm. 25 stroke), /L4y (15,000 x g, 4°C. 5 min) (ko T
bz BiG&EIR L7z, B L7z BiEZ . RIMBCEIL 50 f5. € OfOMMEALIEL 10 £512
LU, Lowry JEIC K > TH RV EHEAZNE LT, ZORRE S LITHY VRV HE
LT10 F720% 40 ug Z0E L, ZE D 2 x SDS sample buffer [0.1 M Tris-HCL (pH6.8), 4%
SDS. 12% B-mercaptoethanol, 20% glycerol, 0.004% BPB] %iE& L. ZiL%x 97°C T, 3 4
AN Lo Zokm L7z D% western blot 4 7L & Lz,

2-2-2. SDS-PAGE 35 X T" western blot # (SGLT-3. AMPK)

SGLT-3 DO TiE.40 pgllane O F /37 'E% 15% RV T 27 VAT I R VEHNT,
AMPK 35 J U8 phospho-AMPK (pPAMPK) Ot Tl 40 pg/lane D% /327 ' H % 10% AV
T2 UNT IR NVE VT SDS-PAGE (2 & o THrilf L7z, BRWKENE X OMR T4k 135
—#& (1-2) LIAEEIZAT 7=, SGLT-3 d#iiizi%, nitrocellulose M54 blocking buffer [PBS-T
(PBS. 0.1% tween20) + 5% A% A /L7 (GE Healthcare, little-chalfont, UK)] @ T, AMPK
B LW pAMPK OfHiiZ1X, nitrocellulose 5% blocking buffer [TBS-T (TBS. 0.1% tween20)
+ 5% BSA (Sigma-Aldrich) ®H ¢ 1 R =R ICE W THR%E S & 7-7% . rabbit anti-mouse
SGLT-3b antibody (1:200, Alpha Diagnostic Intl Inc.. San Antonio, TX, U.S.A)) B X1 rabbit
anti-AMPK monoclonal antibody (1:1,000; Cell Signaling Technology, Danvers, MA, US.A)) .
rabbit anti-pAMPK monoclonal antibody (1:1,000; Cell Signaling Technology) % 4°C T—#tiiis
SH, H|RT 1 RS o F 2~— k L72f%, nitrocellulose % PBS-T & %\ & TBS-T
T 3T L0WEE 10 [HfT-72, W T ZRFiA L LT, HRP-labeled affinity purified
antibody to goat IgG + IgM (H + L) (1:1,000, Kirkegaard and Perry Laboratories), HRP-labeled
affinity purified antibody to rabbit IgG + IgM (H + L) (1:1,000, Kirkegaard and Perry Laboratories)
R T 1 BEESOG S 872, D%, nitrocellulose % PBS-T & 25 ME TBS-T T 3 4y
TLDWFEE 10 BiTo7c, ANy FORHEB LURIEITE & (1-2) ([ZiE- T,
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2-2-3. SGLT-1 siRNA DOFi#L7e & ONTALE 7L (invivo, in vitro)

Invivo DFiEFTlE, SGLT-1 ON-TARGET plus SMART pool (SGLT-1 siRNA; Thermo Fisher
Scientific) 3 X U8 ON-TARGET plus Nontargeting pool (control siRNA; Thermo Fisher
Scientific) |%. in vivo jet-PEI (Polyplus transfection, IlIkirch, France) & #:iZ 10% glucose ¥
WRCIRRR UT=1% . Bof&IRAE 5% glucose (2722 X D IZIRE /K2 N 2 38 U7z, #iglZ, 10 uL
[N/P EL (in vivo jet-PEI dDZEFEFEAS /| DNA OV (b7 I%) = 6, RNA &% 2.5 pg, in
vivo jet-PEl £ & LC 0.3uL # &3] OHETL B 2 A, M=ENIZE S L7z, siRNA #5
4 AEDO~ D AT MCAO % L7z, In vitro OfRFTiX, SGLT-1 siRNA (Thermo Fisher
Scientific) ¥ &L T control siRNA (Thermo Fisher Scientific) (. Lipofectamine RNAIMAX
Reagent (Life technologies Inc.) & {2 DMEM/Ham's F-12 with L-GlIn, Sodium Pyruvate and
HEPES, liquid (Nacalai Tesque) |Z¥%fiE L. DIV 3 O KJMEE A AMEEZ M RN L 7=
(RNA = 40nM, Lipofectamine RNAIMAX Reagent & 15 pL),

2-2-4. BRI o /Ei

v A AT —T LR FICTRRIE L, BRfL L7=, Z D%, 4% PFA (Sigma-Aldrich) T
BEEZ1T> 72, BRI L72f &2 L, Bregma 72>5 M5 ANIC 0, +2, +4, TUIE L7z 2mm
JED TR A2 VERL L, 4°C 1238 T 4% PFA (Sigma-Aldrich) (2 2 B, 10% 227 1—
Z (Nacalai Tesque) (= 3 B[], 20% A7 m— 2 (Nacalai Tesque) |~ —MjEiT %, 2iEMH
E LT, [EE L72IMY) A % Tissue-Tek OCT compound (Sakura Finetek, T, HA) % T
WL, A, 7 VA A Xy kb (Leica Microsystems, HUt, HA) #HAWT, -20C I
MAILZR3 S JEE 20 pm OHERREI R 2 F R U7e, (R L 7 idHEsk bl Al 15 47 i JaeE
724, -80°C IZTHRAFE L7z,

2-2-5. SRRk

In vivo ORRFFCIEL, BESRAF L7 2 8IS T 20 pMERL L7, 4% Hr~l v
R (FCHISE TR t) 12T, 156 RO BBEEEZ1T > 7o, %EER. PBS-T &M
TS5 oz 3 BiT- 70, HWCHEREI A B 2Kk~ (Dako pen, & =1 « ¥y /X
RS, BT, BHAR) TPV, 3% BSA (Sigma-Aldrich) 12T, 1 B0 7w vk &
1T > 72, Invitro ORFSTIL, DIV 4 ORIBE AL ZMIIZ, PBS T 2 [HIWEH L.
-20°C @ 100% methanol (Nacalai Tesque) T 15 4y E L 7=, EE%.PBS-T ZHW\T5 4
MoWeE4 3 [\{T-72, 3% BSA (Sigma-Aldrich) Z#ML., 1 B 70 v ¥ 7 %7
720 7 8 v ¥ 2 71 rabbit polyclonal anti-SGLT-1 (1:50; Abcam, Cambridge, U.K.) Z#NL .
4C TS ST, 1 FFH=E TS S 721, PBS-T ZHWT 5 MOk E4% 3 [H
1TV, ZIRPUAK (1:200, Alexa fluoro 488, donkey polyclonal anti-rabbit 1gG; Life Technologies
Inc.) Z¥SHL Y T CHIRICT 2 B A % 2 _X— R &7 o 72, i\ CLUEE Rz T,
PBS-T T 5 /32 &4 3 BTV, FHE 3% BSA (Sigma-Aldrich) (2T, 1 Kfffjo~7 =
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X T EToT-, 7 r X 7%, monoclonal anti-mouse neuronal nuclear antigen (NeuN,
1:1,000; Millipore) F 7=i% mouse monoclonal anti-glial fibrillary acidic protein (GFAP, 1:1,000;
Millipore). chicken polyclonal anti-microtubule-associated protein 2 (MAP2, 1:2,500; Abcam) %
WML, 4C C—BipUs SE 70, 1 R =R CORIGHE, PBS-T ZHWT5 oW 4% 3
[FIFTUVN, ZRBUA (1:200, Alexa fluoro 594, goat polyclonal anti-mouse 1IgG % 713 Alexa fluoro
594, chicken polyclonal anti-mouse IgG; Life Technologies Inc.) Z¥#A1L., #E T C=IRIZT 2
R DA o F 2 X— 24T o7z, TNENO—RFUK, ZIRHUAKIT 1% BSA (Sigma-Aldrich)
ZETe PBS RIS TENEZNAIN LTz, i\ T BETIZT PBS-T T 5 40 2 & W
ZZ 3 HAT - 2%, #EIRIZ T 10 43 [ 4',6-diamidino-2-phenylindole (DAPI, Boster
Immunoleader, Pleasanton, CA,U.S.A.) ZALiE T 5 Z & 1Z L » T % Yt4 L, Fluoromount/Plus
(Dianostic Biosystems, Pleasanton, Camada) & MAS-coated glass slide (FATRAN T2k 23 4t)
F 721% microcoverglass (13 mm; AR+ LEEMKASH) 2 HWTEAZITo T2, DO,
4CT 1 ARESE®, WAL —Y —#dE (FV1000, OLYMPUS, HUnl, HA) &
WTHIE AT T,
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2-3. 1 R
2-3-1. ildN SGLT-1 %881y & SGLT-1 siRNA =N 5 D8k

SGLT-1 D& /37 BRBUIRMBE ., BAIR, W, BURTES. /M, Pk, Effids K
OMRERIZB W CTIAL fERR &7z (Fig. 5A), SGLT-1 siRNA O#:h5 4 ~ 5 HEZIZKIMEE
SGLT-1 FHOAERBAGED S, il 6 A#&ICHIE L7 (Fig. 5B), KMMEZE
SGLT-3 %% SGLT-1siRNA OFHAZ L~ T, A S EEZ ST 72 )~ 7= (Fig. 5C),
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GAPDH TREOmD woommr Sy s—— GAPDH e ——

Fig. 5. Distribution of SGLT-1 and the effect of SGLT-1 siRNA administration on the expression levels of
SGLT-1 and -3 in naive mouse brains.

(A) Representative Western immunoblots of SGLT-1 in brain lesions (cortex, striatum, hippocampus, hypothalamus,
cerebellum, midbrain, medulla, and olfactory bulb) (n = 3). Representative Western immunoblots from mice
administered (i.c.v.) SGLT-1 siRNA (2.5 pg/mouse, twice daily), showing the time course of changes in the
expression of cortical SGLT-1 (B) and SGLT-3 (C). Control siRNA-treated group (day 4): n = 9; SGLT-1
siRNA-treated (day 4, 6) group: n = 4; SGLT-1 siRNA-treated (day 5) group: n = 5. "P<0.05. Data represented as

mean = SEM.
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2-3-2. I SGLT-1 / v 7 &' %7 T K % B I Aot i s S8 B~ oD g 28

MCAO 1 H#EZIZBIFHHEE FBG @ AT, SGLT-1SiRNA #5(2 k> Th A bE%
ZF 7o 7= (Fig. 6A), ZHZxt LT, MCAO 3 H&IZEHIT HHEZERZKIL. SGLT-1 siRNA
BB L > THEICIHI S/ (Fig. 6B and C), & HIZ, MCAO (& » CTA UATE B H
%, SGLT-1SiRNA #5112k » THEICUE S = (Fig. 6D),

A
j *%
% 80- I *% I
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o 60+
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L 40t
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£ 2o}
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5 ol =L
2 control SGLT-1 control SGLT-1
SiRNA siRNA siRNA siRNA
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B C #
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’g &>1250¢
£ 0 e
E £ 1000}
g+2 2 750}
%4.4 2
k5 ‘ . S 500¢
control SGLT-1 control SGLT-1 = 250r
siRNA siRNA siRNA siRNA e ol
sham MCAO control SGLT-1
siRNA siRNA
D MCAO

*%

NDS (score)
N o o

N

7 &

control SGLT-1 control SGLT-1
SIRNA siRNA siRNA SiRNA

sham MCAO

o

Fig. 6. Effect of SGLT-1 siRNA treatment on the development of cerebral ischemic neuronal damage.

(A) Fasting blood glucose levels on day 1 after MCAO. (B) Representative photographs of TTC staining on day 3
after MCAO. (C) Quantitative analysis of the infarct volume. (D) Neurological deficit scores on day 3 after MCAO.
Control siRNA-treated sham group: n = 6; SGLT-1 siRNA-treated sham group: n = 6; control siRNA-treated MCAO

group: n = 10; SGLT-1 siRNA-treated MCAO group: n = 9. *P <0.05, “P<0.01. Data represented as mean + SEM.
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2-3-3. KIMEIZH T DR M A N L A A D SGLT-1 FHLH3AH

KIKEEIZF\N T, sham #f, MCAO day 1 #35 LUV MCAO day 3 BEDWTHLOREEIZI W
TH, SGLT-1 (3 D~—H—ThH D NeuN &IHLFEL Tz (Fig. 7A), 7235, SGLT-1 1%
WTROBECB TS, TAMaY A hO~—H—ThHD GFAP L IFIILFELRN-T-
(Fig. 7B).

>

sham
sham

MCAO day 1
MCAO day 1

MCAO day 3
MCAO day 3

Fig. 7. Localization of SGLT-1 within neurons and astrocytes in the cortex after cerebral ischemic stress.
Double immunofluorescence of SGLT-1 and NeuN (a neuronal marker) or GFAP (an astrocytic marker) in the cortex.
Representative photographs of SGLT-1 and NeuN or GFAP in sham operated mice on day 1 and 3 after MCAO.
Green: SGLT-1; red: NeuN or GFAP; blue: DAPI. Scale bar = 50 pm.
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2-3-4. MERIZEB T DB A N U A BfH% 0O SGLT-1 FBL53 4

AR D SGLT-1 1%, sham #f, MCAO day 1 #fF LUV MCAO day 3 #EDO W DOREIZE
WTH, NeuN &HLJREL TV (Fig. 8A), 723, SGLT-1 & GFAP [V T I dFEIZI W
T, HEE L7 (Fig. 8B),

>

sham
sham

MCAO day 1
MCAO day 1

MCAO day 3
MCAO day 3

Fig. 8. Localization of SGLT-1 within neurons and astrocytes in striatum after cerebral ischemic stress.

Double immunofluorescence of SGLT-1 and NeuN (a neuronal marker) or GFAP (an astrocytic marker) in the
striatum. Representative photographs of SGLT-1 and NeuN or GFAP in sham operated mice on day 1 and 3 after
MCAQO. Green: SGLT-1; red: NeuN or GFAP; blue: DAPI. Scale bar = 50 pum.
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2-3-5. MR A b L A Btk DM SGLT-1 & LMk 224l
MCAO 12 H§[E1# DRI E R L ORRELIRIZB W T, SGLT-1 DX >R 7 E R BLL sham

FEL L L TABISHEM L2 £ DM OB TIIZE(LA 2o T,

(Fig. 9Aand B), 1EE

BIXOWE FETIE, WTFoREBIZEB W T, sham #EE LT SGLT-1 DX R 78

ST 222> 7= (Fig. 9C and D),
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Fig. 9. Changes in the expression levels of cerebral SGLT-1 after cerebral ischemic stress.

Representative western immunoblots of SGLT-1 in the cortex (A), striatum (B), hippocampus (C), and hypothalamus

(D) at 0 h, 6 h, 12 h, and on day 3 after MCAO (sham group: n = 4; MCAO group: n = 8). “'P < 0.01 vs. sham. Data

represented as mean + SEM.
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2-3-6. KRB RRAEE B AINIZ 31 5 SGLT-1 FEBl L SGLT-1siRNA L o 54k

R B EAR RS AR AL O RPIR 2SOl 2R A (2 3B\ ) T, SGLT-1 DR B R S 417
(Fig. 10A), Control siRNA ALE#RE & i L C, SGLT-1 & /X7 B5811% SGLT-1 siRNA AL
& 2 BRZICAEICHA LT (Fig. 10B), —J7, SGLT-3 % > /N7 B8 HLIX, SGLT-1 siRNA 4L
EIZ L > TE(LLZed - 7= (Fig. 10C),

A B C
SGLT-1 MAP2
150 150
5= b=
© ©
% S100 % S100
(O] O o
=2 ®» 2
- © — ©
I g8 >
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0 0
SGLT-1 e SGLT-3 — — —
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control dayl day2 control dayl day2
SIRNA "SGLT-1 SIRNA SIRNA “SGLT-1 SIRNA

Fig. 10. Expression of SGLT-1 in primary cortical neuron and the effect of SGLT-1 siRNA treatment on the
expression levels of SGLT-1 and -3 in primary cortical neuron.

(A) Fluorescent immunostaining of SGLT-1 and MAP2 (neuronal marker) and DAPI (nucleus) in primary cortical
neuron. Representative photographs of SGLT-1, MAP2, DAPI and merge. Green: SGLT-1, red: MAP2, blue: DAPI.
Scale bar = 10 um. (B) Representative western immunoblots from primary cortical neurons treated SGLT-1 siRNA
(40 nM), showing the time course of changes in the expression of neuronal SGLT-1. Control siRNA-treated group: n
=9, SGLT-1 siRNA-treated (day 1) group: n = 8, SGLT-1 siRNA-treated (day 2) group: n = 9. "P < 0.05. Data
represented as mean + SEM. (C) Representative western immunoblots from primary cortical neurons treated SGLT-1
siRNA (40 nM), showing the time course of changes in the expression of neuronal SGLT-3. Control siRNA-treated
group: n = 9, SGLT-1 siRNA-treated (day 1) group: n = 8, SGLT-1 siRNA-treated (day 2) group: n = 9. Data

represented as mean + SEM.
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2-3-7. ##% SGLT-1 / v 7 XU N K Dffilad i~ D 2

H,0, 12X 2B ERMINAFRORA T, SGLT-1 siRNA ALEZ L » THEBEZZ T o
7= (Fig. 11A), —7# ., SGLT-1siRNA L%, 17.5 mM glucose ALiEIZ L %A B 7o fifa /L 17
RO %A EHH L= (Fig. 11B), & 512, 100 pM H,0,/8.75 mM glucose H:4L{E (2 kL 5
HERAMMAGFEROIK T IX, SGLT-1siRNA ALEIC L » THEICKES L (Fig. 11C),
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Fig. 11. Effect of SGLT-1 siRNA treatment on the neuronal survival rate.

The survival rate was measured by the WST-8 reduction assay on day 1 after components treatment. Data are
presented as mean + SEM. (A) Effect of neuronal SGLT-1 knock down on H,0O, treatment-induced neuronal cell
death. P < 0.01, "P < 0.05. All groups: n = 10. (B) Effect of neuronal SGLT-1 knock down on additional glucose
treatment-induced decline of neuronal survival rate. “P<0.05, “P<0.05. All groups: n = 10. (C) Effect of neuronal
SGLT-1 knock down on decline of neuronal survival rate after H,0,/glucose concomitant treatment. “P < 0.05, *P <

0.05, ”P < 0.01. All groups: n = 12.
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2-3-8. In vitro [Z iM% @ MBEE T /VICE1T 5 SGLT-1 HILOFHEKF K25 AMPK DR
5.

70mM L3 — RALELZ X - T, control #f & bkl LT SGLT-1 # v RV ERBUIHFEIC
BN LU 7= (Fig. 12A), Control #f & bz LT, 100 uM H,0,/8.75 mM glucose F:ALERE Tl
SGLT-1 % > /37 EHRBLOFELREMNRD Hiv, ZOEME AMPK HEHRTH S 10 uM
compound C DILALE 2 K - THEIZHH S 47z (Fig. 12B), 10 uM compound C HiAl Tl
SGLT-1 O % X7 ERBU I A b 5 2 7)o 7= (Fig. 12C), pAMPK/AMPK i
control #f & g LT 50, 100 uM H,0, ALERETIZE L L7z 7228, 200 uM H,0; mﬁﬁi
IZBWTHEIZ BA L7z (Fig. 12D), F£7-. control #£& ik LT, 70 mM glucose HLIE LT
T, pAMPK/AMPK i3 AEIZ EH- L7243, 8.75 B L 17.5 mM glucose XLiE WI:
L7272y ~> 7= (Fig. 12E), Control #f & i LT, pAMPK/AMPK tix 100 pM H,0,/8.75 mM
glucose FLALEIZ L > THEIC LA L, Z® EHIEX 10 uM compound C AL | ’io“(ﬁ% z
Pl <7z (Fig. 12F), 10 uM compound C HALE Tix, pAMPK/AMPK 22 bI#E
Hipdso 7z (Fig. 12G), 100 pM H,0, 1T & » TiFE S n- A E Al AR oK T ik
8.75 mM glucose ALE 2 X - CTHEICHE I (Fig. 12H), Z OffE4EIL compound C L
B X > THEERFANCHHE S, 10 pM compound C 12 X - THEIZHIH Sz (Fig.
12H),
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Fig. 12. Involvement of AMPK in the up-regulation of SGLT-1 and neuronal cell death.

(A—C) Representative western blots of SGLT-1 in primary neuronal cultures. SGLT-1 expression was measured 24 h
after components treatment. (A) Control, glucose (8.75, 17.5, 70 mM): n = 11. (B) Control, 100 pM H,0,,
concomitant treatment with 100uM H,O, and 8.75 mM glucose, concomitant treatment of 100 uM H,0,, 8.75 mM
glucose and 10 uM compound C: n = 8. (C) Control, 10 uM compound C treatment; n = 6. (D-G) Representative
western blots of pAMPK and AMPK in primary neuronal cultures. The relative expression levels were analyzed by
determining the ratio of pAMPK and AMPK (pAMPK/AMPK) at 24 h after components treatment. (D) Control,
H,0, (50, 100, and 200 uM) treatment: n = 3. (E) Control, glucose (8.75, 17.5, and 70 mM) treatment: n = 11. (F)
Control, concomitant treatment with 100 uM H,0O, and 8.75 mM glucose, concomitant treatment of 100 uM H,0,,
8.75 mM glucose and 10 uM compound C: n = 10. (G) Control, 10 uM compound C treatment; n = 6. (H) Effect of
compound C on decreased survival rate after concomitant treatment with 100 uM H,0O, and 8.75 mM glucose
(control: n = 9; H,O,: n = 10; H,0, and 8.75 mM glucose: n = 10; 0.1 uM compound C: n = 9; 1 uM compound C: n
= 10; 10 puM compound C: n = 4). The survival rate was measured by the WST-8 reduction assay, which was

performed at 24 h after treatment with reagents. P < 0.01, P < 0.05, *P < 0.01, *P < 0.05, "'P < 0.01. Data are

presented as mean + SEM.
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2-4. % %%

B REOMPHER D, M SGLT 2SIMER AR FEFEE O S B B 54 2 nlfett &
LN LTz, LInLRBG, IMNICHET 24 SGLT 74 Y 7 4+ — LDBEII AW E
EFThol, TZT, M SGLT 74 V74 —LDOHTH, Mk EIZHBL L, MCAO 1%IZ
ZORHEN EHT D SGLT-1 I H LR Z21T- 72,

AAFFENT I T SGLT-1 1%, FEZERIERIINL T 2 RIMBIE, BRI, 572 & N,
R0t AU T 0 A 4L © SEII C o DK T e & CHRELDNTRD H AL, BN DR LA FEE
\CHFAET D 2 EAURENTZ, KIT, SGLT-1 siRNA Wiz /) v 7 X Az KB atn b,
NN SGLT-1 (3 i AR R 5 DR BRI B 53 D TR E DS D v & I o7z, — 5,
M SGLT-1 / v 7 & 3G mipEicix, BB EEXRh-o7 2 LG, ]
BN SGLT-1 1FRE G- L22WNWZ LR ENT, TNHORRIZ, FE—ETRLE
phlorizin |2 X 24N SGLT BHE ORF & FEROFER TH D U SGLT 74 YV 7 4 — 2D
T h . KR SGLT-1 A3k MR RS O F B 2358 2 iRt R S iz, £z,
BN SGLT-1 siRNA O 5 XD SGLT 74 Y 7 4 —LDOEDTHDH SGLT-3 ©
BT EE 527202 &R L TR Y, ARIOKRICHMO T 4V 7 +—AFB5 L
PNZ EEFER LTS, &5, SGLT-1 DN RBIEDIENT 25, SGLT-1 1 MCAO %
IZEWTH 7 U 7HIIICITFRIL L TE L THRICHEBL L TW e 2 &6 SGLT-1 [ MM I
IRFLCAPAR I U CIEBERICEE L T D ATREMEAS R S Tz,

Fex DFEATIHFRIZEB VT, MCAO 1 HEDRME I L UHRSRIZIBWV T, SGLT-1 DI
BHRAEBICHENT 52 L 2HE L T0aERN W, ZOMOREE TORBL(LIZA L E R
STV T2, MCAO % DOfkIFR) 72 SGLT-1 FHELIC W T, Eifl= 7 fEk T 5 K
MR B K ORERIR, M~ F 7 Z8Th 215, BN LT 28I Th 2 UK
THEICEE LIRS LT & 2 A, = 7 #83% Cld MCAO 12 FE#%12 SGLT-1 ORBLNAH
BICEH L TEBY, MEMMEAPREEOREE T, 20 SGLT-1 OFRRBEBEIAEL 54
5 RIREMEDNE 2 LTz,

SGLT-1 i, KRB AR I ES 28 M O AR AR OBk 28 RIS 3BT 5 2 & AR
Ehtz, £72.SGLT-1siRNA ALiE 2 HZIZEHW T, SGLT-3 FHIT X212 SGLT-1 ¥
BUIAEICRED LizZ £, YALEIT SGLT-1siRNA ALED 2 A% To7-, &
@ phlorizin ORGSR & RIS, fFE SGLT-1 1%, B{LA b L AIC X DAL 138
B ARUNVETREMEAS R S L. WA L 0 b Z L o — PR AN O St R ORI N E A 4
HZENRBENT, @IV —AFGMTTIE, SGLT-1 24 Lz R v AR IO/ L=
— 2 DFEANTAPEIML TS Z ENB 2 B, TORE, MMRENAFEI N L
Ezbhb,

SGLT-1 1% 2 7D F v v aA A 4z, 1 7D 7 a—2 &N~ 5
0 B RMIEIZIV T, SGLT-2 L3t HEO RIS 5130 NBIZB T SO
WEIZBE 59 B A LTS 31925 SRR R 22 & oo BRI BRI 35U T /G
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BEOBREMED SGLT-1 FEAHMT 25 2 L AME SN TND 9, SEIOKFHIRE
T KIMBEA A EE B/ ~0> 70 mM glucose #LE(Z L > T, SGLT-1 OA E/RFEH,
BEAR SN TEY . PRI T L EIMARIRIERC SGLT-1 ORHENFEIND
AREMEA R ST, £ DI/NMBICE VT, AMPK OIEM(E2Y SGLT-1 O#RE %753
UL BERBLA R S 2 OBREORANRAE LD 2 L REE ST G 4055 Nz

Fex OIATIFRIZIN T, MCAO 1 AREICKIMEE D AMPK MEMHELT 5 2 L 2B H s
ELT0 9, LLEAE, MCAO #%ICHMN AMPK 23E#E(L3 2 Z iz k- T, SGLT-1 0
FEELHINT 2 WREMEN B 2 b7, Invitro RIZBWTH, EMEEMAEAR N LR IZX -5
T, SGLT-1 OFEINFEINDL Z ENRENT, £ ZDOKE, AMPK OfF EZR Y VRl
FOEABEOOLNTEY, AMPK OJEMAL2Y  SGLT-1 OB ZFHET L AlRetErl R S
M7=, F7=. compound C HMALEIZ - T, SGLT-1 #E° AMPK OIEMELITRE I
RN L AR LTV D, J %12, compound C ALE 2 & - T, 100 pM H,0,/8.75 mM glucose
QLB T 5 RAIIASE I T SN TR Y . Z OREREO—EBIZIT, SGLT-1 FHFHHED
MHIBEG L TWnWab EEZX LD,

SGLT-1 7 uE—& —fEikiZk3 5 specificity protein 1 (Spl) OfEE A SGLT-1 DHRE:
RFET DI ENEESRLTVD T, 2o Spl dEE b A b LA Gl FROMEEEFIREE L o
- REMRAELZ F ) T mRNA FEHAEM L EHbEh b 2 EnsmbhnTng ¥ x|
Spl D7 T —H —fEHlA~DOAEEIL AMPK (2L 5 VU UERKIZ L » TIN5 2 & 235
HRTNE 9, KoT, MM A N AARRITEM LSz AMPK 28 Spl #4 LT,
SGLT-1 DERBGZFHE LI REMENR B X biLd, o, ME M A b L 20m MRk ERIZ L -
TIEM LS D Z ENFBILTUV D p-38 X extracellular signal-regulated kinase (ERK) 1/2
2L > T Spl IC X AEETEHENHIMT 5 2 R WEShTnD %, %72, p-38 % ERK
¥ L OVFE U mitogen-activated protein kinase (MAPK) 7 7 X U —IZJ&7 % c-Jun N-terminal
kinases (JNK) 7% NF-kB + 7} /L% LT SGLT-1 O#RGA g L, PRI 2B S+,
BEOI AR ZRRT 2 L AME S TND B9 4% BEm%O SGLT-1 FHFHEMK
FIZxt9 % MAPK OEEGIZOWTIRHFTA2HERH D EEZ NS,

BT, N SGLT 74 Y 7 4 —LDHTH, MR EICERBE L TWAHLNTH-
72 SGLT-1 A% i it b AR Bes 5 O R B B B 59~ 2 FTREME 2SR SivTe, E72. MY
SGLT-1 OREBLFFEMKETFOOE DL LT, MM A F L AARHOIKN AMPK DM LD
G238 x bl
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o ML A b L R AR DMK sodium-glucose transporter type 1 F&ELEEEA 5t
9% mitogen-activated protein kinase @ E55-

3-1.

B EIZRBW T, NN SGLT-1 (3 PRk e O R BN BI 53 2 2 L 3B 6
L7200 IHICHEIA B L RAEMZ IR 2 7 fE TH B KIMEZE R X OHRSIEIZH
TEDOFRBANREEMNMT D Z ENRENT MR A L 2 EARH%OIMN AMPK OIEMAL
SGLT-1 OFRBLEZFHET HFEMEZ RH L TV D23, F 2Tl MEMA b L A A%
SGLT-1 FHEK 1D X 572 HfiFHE1T - 7=,

MAPK 135 MAPKKK-MAPKK-MAPK &9 STEED X LR 7B 1 VR LEERIZ L -
THERSND V7T NBEEY 2 — /L Th Y . INK £, p38 #X#. ERK XD 3 A
DRBBEET D 0, RERFOFA S hA >, BER b LA EDREIC L - THEMEL
EN. MO, B, b7 R h— R Lo ln, Bk il 7 L OfIE 21T
5 ™M KEMA R LA E > THIEM LSS Z LR bTED, INK 55X p-38 @
TEVEAGIZ IS e e S R A% 2 & . —7 T ERK OiEMAL IR e rh e e
EORBLYWET L ENMONTNS PP, &bz, BRMEME AV - BREHcs
T, MAPK DiEMALA NF-kB o 7 F Vi a4 L C SGLT-1 D3 BLO R Bt
EHET LI LNMESA TG B9,

X oT, FEETIE, MEMA L RZL > THEH LS MAPK 23, I D
SGLT-1 ORELFHEIZEA G35 & UE LIRFT 21T 72,

il

KREOHFTENEDO —HBIEL, Treom L& L THEELE

1. Yamazaki Y., Harada S., Wada T., Yoshida S., Tokuyama S., Sodium transport through the cerebral
sodium-glucose transporter exacerbates neuron damage during cerebral ischaemia. J. Pharm.
Pharmacol., 68, 922-931 (2016).

2. Yamazaki Y., Arita K., Harada S., Tokuyama S., Activation of c-Jun N-terminal kinase and p38
after cerebral ischemia upregulates cerebral sodium-glucose transporter type 1. J. Pharmacol. Sci.,

(in press).
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3-2. FEBRMEHR L U5k

B (1-2) BLOH E (2-2) &AMROFEBRM B LOHTEICHE- T,

3-2-1. SDS-PAGE I35 O western blot £ (MAPK)

Phosphor-JNK (p-JNK) 3 X TF JNK, phospho-p38 (p-p38) # L TF p38. 10 pg/lane D% >
RIE% 10% RV T7 27 VAT K7 %EHWT, phospho-ERK (pERK) $ LT ERK Ok
HTiX AMPK 35 X O pAMPK O HTIX, 20 pgllane O X7 &% 10% KRV 727 V)L
7 X K7V FWT SDS-PAGE (2 &V 4 L7-, EXIKENR L OMRERMITHE —F (1-2)
ERIBRICAT o T2 2B D F 7 o/ HIZIX, nitrocellulose 5% blocking buffer [TBS-T
+ 5% BSA (Sigma-Aldrich)] &/ T 1 FFf=IRIZI W TiR%E S E 72 . rabbit anti-p-INK
monoclonal antibody (1:2000; Cell Signaling Technology) ¥ J T} rabbit anti-JNK monoclonal
antibody (1:2000; Cell Signaling Technology). rabbit anti-p-p38 monoclonal antibody (1:3000; Cell
Signaling Technology) ¥ J O rabbit anti-p38 monoclonal antibody (1:3000; Cell Signaling
Technology) % 4°C CT—BbUh S 872, IR T 1 R4 % =X— k L7=%. nitrocellulose
fiz TBS-T C 3 32 & D% 10 HfT-7, f T kHLK L LT, HRP-labeled
affinity purified antibody to rabbit IgG + IgM (H + L) (1:1,000, Kirkegaard and Perry Laboratories)
ZEIRT 1 RS S/ 72, D%, nitrocellulose % TBS-T T 3 /02 & OiEE% 10
AT >72, GAPDH Ol L OV hokl, #EIXHE = (1-2) (it 7=,

3-2-2. MAPK PR EAIALE D F5 1k

INK FHEHTH D SP600125 (100 pmol/mouse; Abcam), p38 FHLERK TH 5 SB203580
(100 pmol/mouse; Abcam) 35 LY ERK @ LK+ T& 5 MAPK/ERK kinase FHLEHITH 5
PD98059 (200 umol/mouse; Abcam) (%, FREITIEZICIMENES LT,
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33 R
3-3-1. KB A N L A AT

MCAO 1 B L 3 Wit o KRN E I
p38 DU UL IT MCAO 3 B 5 Bl ICAEIC
BIFT%5 ERK OV UE{bERIZ MCAO 3 Rl Iz A= o8 L .,

B\ L= (Fig. 13C),

(Fig. 13A), K&
(Fig 13B), KRMMEZEIZH
MCAO 5 i1z

R1% DIMN MAPK  TEME D KRS 254 E,
BWT, INK OV VEBIERIZAERICER L

@

W ER L

(e]

15 — 6.0 — 1 [ —
o= —_ o
%E g5 55

°5 <10 2 540
Z 210 8¢ e
S 290 Yo
gz 2205 22,
55 53 55
= = o
0 \inll Eml EE

pJNK P-P3B — — e — T — ERK == as = ===
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1hr 3hr 5hr 1hr 3hr 5hr 1hr 3hr 5hr

Fig. 13. Changes in the expression levels of MAPK after MCAO.

(A) Representative western immunoblots of p-JNK and JINK 1 h (n = 6), 3 h (n =5), and 5 h (n = 10) after MCAO in
the cortex. (B) Representative western immunoblots of p-p38 and p38 at 1, 3, and 5 h after MCAO in the cortex (n =
5-6 for each group). (C) Representative western immunoblots of p-ERK and ERK at 1, 3, and 5 h after MCAOQ in the

cortex (n = 5-6 for each group). "P < 0.05, “P < 0.01. Data are represented as the mean + SEM.
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3-3-2. JMAE AR PR R B2 MAPK FRE S G- 5248

SP600125, SB203580 & %\ % PD98059 DX=ENF# 1%, MCAO 1 H#&IZHITHHER
FBG O LHICRAB¥EEE 2 72 - 7= (Fig. 14A-C), MCAO 3 H % DOEFERF I
SP600125 & %\ MZ SB203580 DMEEN#H LT ko T AEICKES L= (Fig. 14D, F, G, H),
—J7C, PD98059 DN H1E MCAO 1 A#ICHIT 2MEREK A B ICHEELE
(Fig. 14F and 1), SP600125 & %\ & SB203580 MfM=EN# 515 MCAO 3 Htk DFTEh R %
AEICSE L7, PDI8059 MAMENFE 515 MCAO 1 BRRICHIT HITHEh R 2 A 518

HE 7= (Fig. 14J-L),
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Fig. 14. Effect of MAPK inhibitor treatment on the development of cerebral ischemic neuronal damage.
SP600125, SB203580, and PD98059 were administrated via an i.c.v. injection immediately after reperfusion. (A-C)
FBG levels on day 1 after MCAO. (D and E) Representative photographs of TTC staining on day 3 after MCAO. (F)
Representative photographs of TTC staining on day 1 after MCAO. (G-I) Quantitative analysis of the infarct volume.
(J and K) Neurological deficit scores on day 3 after MCAO. (L) Neurological deficit scores on day 1 after MCAO. (A,
D, G, J) Vehicle-treated sham group and JNK inhibitor-treated sham group: n = 7, vehicle-treated MCAO group: n =
7, INK inhibitor-treated MCAO group: n = 8. (B, E, H, K) Vehicle-treated sham group and p38 inhibitor-treated sham
group: n = 7, vehicle-treated MCAO group: n = 5, p38 inhibitor-treated MCAO group: n = 6. (C, F, I, L)
Vehicle-treated sham group and MEK inhibitor-treated sham group: n = 6, vehicle-treated MCAO group, MEK
inhibitor-treated MCAOQ group: n = 8. *P <0.05, *P < 0.05, P < 0.01, #P < 0.01. Data are represented as the mean +
SEM. SP: SP600125, SB: SB203580, PD: PD98059.
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3-3-3. MM A N L AAMmHZ O MAPK IEPEIZHTT 5 MAPK BHEA D 2
MCAO 3 %D INK OFEZR Y b= d 1%, SP600125 DMENILIZ XL - T
EAZHNH| S 7z (Fig. 15A), SB203580 DAM=ENEEL-1X, MCAO 3 Itk DHE L p-38
U UEERO R A2AEICHE L7z (Fig. 15B), MCAO 3 Ff##412811 5 ERK OFE 2Tk
PEALIX PD98059 DMENHE 512 & » THEIZHIH S v/,

A B
_ o # — o # _ % #
Elc I ] €.0 0 \ 15 I ]
o6 o % 2 @
8o g0 g6
S s} v 8
é = 1.0 Q < Tc 1.0
5> 23219 w
X e B X o
% o 05 2o 5 o 05
- &z L2
k< k< °8
3 g o
= =~ 0 ~ 0
P-INK  —— pP-p38 W Bl e - PERK S St S— S—
INK P38 e e — — S —— - — - —~ ——
GAPDH GAPDH GAPDH
vehicle SP_ vehicle SP vehicle SB  vehicle SB vehicle PD  vehicle PD
sham MCAO sham MCAO sham MCAO

Fig. 15. Effect of MAPK inhibitor on the expression levels of MAPK after MCAO.

SP600125, SB203580, and PD98059 were administrated via an i.c.v. injection immediately after reperfusion. (A)
Representative western immunoblots of p-JNK and JNK 3 h after MCAO in the cortex (n = 12 per group). (B)
Representative western immunoblots of p-p38 and p38 3 h after MCAO in the cortex (n = 12 per group). (C)
Representative western immunoblots of p-ERK and ERK 3 h after MCAOQ in the cortex (n = 5 per group). ~P < 0.01,
#P < 0.05 Data are represented as the mean + SEM. SP: SP600125, SB: SB203580, PD: PD98059.
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3-3-4. MAPK FLEHSIZSME ML A b L A X DN SGLT-1 FEBLFEE | KT 8

KRIEZE SGLT-1 1% MCAO 12 £ ICA I L, Z O#EINE SP600125 & 2%\ &
SB203580 DN G2 &L » THEIZHHI &7z (Fig. 16Aand B), —7 T, MCAO 12 I
M#%ORME SGLT-1 OHIMIEL PDI8059 DML 512 & » Tl A DR EE 1 72
- 7= (Fig. 16C), Phlorizin ®ME=ENL 51X, MCAO 12 KfEI%1281F % SGLT-1 OF E /2%
B BRI E RIZ S )y o 7= (Fig. 16D),
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Fig. 16. Effect of MAPK inhibitor on the expression levels of SGLT-1 after MCAO.

SP600125 (A), SB203580 (B), and PD98059 (C) were administrated via an i.c.v. injection immediately after
reperfusion. Phlorizin (D) was administered via i.c.v. injection 6 h after reperfusion. (A-D) Representative western
immunoblots of SGLT-1 12 h after MCAO in the cortex (n = 8 per group). "P < 0.05, *P < 0.05. Data are represented
as the mean + SEM. SP: SP600125, SB: SB203580, PD: PD98059.
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3-3-5. Phlorizin $¢5-234N MAPK {EPEIZ X IE 5

T, sham BE LG L TR ALED Y o T2
phlorizin XN GIERMNZE p-INKINK L,

KIMEE p-INK/INK . p-p38/p38 thds LY p-ERK/ERK Hiid MCAO 7 Wiz

%5 2 72in- 7= (Fig. 17A-C),

(Fig 17A-C), F7-. MW 6 KrfE1%& D
p-p38/p38 ks LY pERK/ERK Fhiz %%

A B C
g 2.0 E 2.0 E 2.0
25 o5 2%
R 2o g o
[} = o [}
23S T o2 o=
2%10 T 8T10 E810
29 R o 2 9
2o 2o x 2
22 a2 w2
k& K °B
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Fig. 17. Effect of phlorizin administration on changes in the MAPK expression after MCAO.

Phlorizin was administered via an i.c.v. injection 6 h after reperfusion. (A) Representative western immunoblots of
p-JNK and JNK 7 h after MCAO in the cortex (n = 6 per group). (B) Representative western immunoblots of p-p38
and p38 7 h after MCAO in the cortex. Vehicle- and phlorizin-treated sham groups and vehicle-treated MCAO group:
n = 6, phlorizin-treated MCAO group: n = 7. (C) Representative western immunoblots of p-ERK and ERK 7 h after
MCAO in the cortex (n = 6 per group). Data are represented as the mean + SEM. PHZ: phlorizin.
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3-4. B %

FE T, MY SGLT-1 2SN MM iR bEE OB A MES 5 2 & & 51, ik
%D AMPK OIEMEALINN SGLT-1 OFBAFHFE T2 2 L2 A L7z, AMPK Oz,
Bex e HIfaN o 7P MRZEE D T E RN BTN D MAPK #2573, SGLT-1 O FsBLFEE
IS 2 2 ERHESNLTVWS B9 MAPK #2&1% INK, p38 3L ERK @ 3 S0
R EET D O™ INK 5 KT8 p38 #REIT. 2 b L RIRE MAPK R & & IFFEH, 4
WO RR, BB, B\ 3 v 7| BIREIEE Vo EHRREA N LA X - %
MALEI, A PV REBSTHIICT R b= 2 2B EED ™, Eim REEYA B
A RBEGT Ko THIEM L S h, S RERLRIE OFIENIC LR e A 5 Z &M
BTN DS A — T, ERK R E ISR 712 K - TR S A, Slassgi<esy
fezHIE+T2 P b, MAPK #RERIZME M A b L AIC X - TR LS NS Z & 23
HAILTE D, FFIC INK FREEF J O p38 FRIKITIME AR fEE ORI 532 2 &
E 51T ERK EHITMREE RIS L TMEERICERTS Z e nmirshTtng 9
2T, BEIMA R L AAMIZE o TEMAL L7 MAPK #2728 SGLT-1 OFEL~KIFT
I HOWTHRE LTz,

BEFOHEBEY , JNK BXO p38 I1TMAMEM A b LRI > THANTIEMEILS L, 21
B> 73 e 7% 1 B 2 B - I MR A e S O A B 5375 2 L SR &z, MCAO
%o JNK BLO p38 OIFMALZET S Z &2k - T, SGLT-1 ORBFHEITIMH S
2, MM A L AERTHD JNK BELO p38 DOIEMALAMAN SGLT-1 #H %
BN ESE TV A IR RSN, —F T, ERK (3 ms—@rtic L5 L, 20%. &
BRIEHEOR TR RENT-, 2, MEIMA R LALLM ER#ET 572912 ERK 131E
PAE L7223, ZORMREENEIT L2 & CREDENP R o TLE o7 mlHetk
NHEZ BT, MEM%EO ERK OIEMHLIX, MREERBUCR L CRAEMIZEM L,
SGLT-1 OFBIFHEICIIBL- LiaWnWZ AR I T, 3 20 MAPK &k T 7 s
HEORMITEZ S22 E S TERY 10, EEEKIZ, RO RICB N TS, JNK B X
O p38 % & ERK ¥ Tik SGLT-1 (Zxid 2R e 5 LW dFERBZ S bz,
F72. JNK & p38 Tix, MCAO 2k » TIHFMEL SN DN R > TR, ZobT
IRRERZED M SGLT-1 BELFFE~DAGIEWE L2 6 LIt bE 21 ob, £
72, JNK X p38 FHEH D £ 5130 MR f E 3 B A I L7 2 & D fliRfE
ERBLOMFNZ L - T SGLT-1 ORELFFLENE Uleho Tl fligEnE z bz, £ 2T,
2B T, EER) B35 S 4L~ phlorizin M= 5% D SGLT-1 FEHIZ O
THEIE Lo 2 A, IME MM RREE R OSEIL SGLT-1 ORBFEIHEL 5 2 72
WZ EDWITRENT, ko T, INK BEO p38 FRELILMHE MRt B E O TR & 135
(2, SGLT-1 58G9 2 rlaB e R STz,

JREM A b L RZ L > TEME LS INK 3L p38 #IKIL, 748 h— X &2 ifiE4
5L THREEORIUCE G T MO TND 2 EnD 21 N SGLT @ FifiT
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ZID OREPIEMAL S D ATREMENN B 2 b, £72. MIREEA RO b7 ERK #%
H1E SGLT-1 O Pt CTRIE LSO ATREMEDNR B 2 b 2 L h | 8 — B CHMME M Mrh
FEER Bl OB RGO HiL7- phlorizin OFEENE 6 KM% G 21T\, £0 1 K
#%IZBIT 5 INK, p38 LW ERK {EMEZFEM L7z, £ OREE, MAPK & 13HA
SGLT-1 @ Ry 7 F A TIFRWZ 3R EiTe, Lo T, IMEmK, MAPK ##KIZMHAN
SGLT |Z X 2 iR e s B oo s A & 13RNITHERE L T 528, JNK B LT p38 #RIEK I
N SGLT-1 B AHMT 5 Z & TN SGLT-1 12 & 2 X M tEahfe RS o5 B
— A G-1 D WREMED R ST,
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FIUE M sodium-glucose transporter AT L7z 7 R~ U w7 A3 A 23 I LA
PERETE DI BUE I RIT e

4-1. %
HmB IO END, MM & A2 M SGLT, FFICAMN SGLT-1 24 LT,
Jibd R PR A AR B S D JE L 2 B S B AT HEME DR SNz, T OBERF IR, B i
B L 5T, SGLT-1 2k 27 va—AH 50T b o7 2AOMENTRAS BRI D 2 &
DEETLEEZX NG, TOFHMIAHALREETH D,

MR A L A BRI, ARSI O R 3 E U FBALKAFEIE D L o D AT v %
JLDIEMALRL 7 V& 2 R HIC KX % o-Amino-3-hydroxy-5-methyl-4-isoxazole propionic acid
SRR LY N-methyl-D-aspartate Sz 5 & I L7ZHIRAN I L 0 A F U RED EFHX
HIMINA A 8T o ADRENAE LD T8, iz ZOMIMN A LS T LR R AR~
DOEEFZDIEMALLI hay R 7 OMBEREE2FHET L2 LT, iREENELD L EX
HRTVD 8 —F T, SGLT 24 Li=F b U ¥ AOWANR, BB, MmN L
SULBEEO LREAFETS 2 LARESNTND B oz s, B mAIC
BRIRRE L 705 Z L2k T, BN SGLT Z4r Lz b U U AMABBREIE 20, 5725
TEERE A3 RSO HIAR PN 1 /LS 7 WRIE D BRAAE UL R i P 0% [ 2 S B A 7L 1 5 AT RE
PENEZ b=, £Z T, BN SGLT %I L7=7 R U U A A Z BN L 72 REo fd i i 4
PR EFEHUZ SOV TR L7,

o

KREOHTENED —HIE, TreDmX & L THEELE,

1. Yamazaki Y., Harada S., Tokuyama S., Relationship between cerebral sodium-glucose transporter
and hyperglycemia in cerebral ischemia. Neurosci. Lett., 604, 134-139 (2015).

2. Yamazaki Y., Harada S., Wada T., Yoshida S., Tokuyama S., Sodium transport through the cerebral
sodium-glucose transporter exacerbates neuron damage during cerebral ischaemia. J. Pharm.
Pharmacol., 68, 922-931 (2016).

3. Yamazaki Y., Harada S., Wada T., Hagiwara T., Yoshida S., Tokuyama S., Sodium influx through
cerebral sodium-glucose transporter type 1 exacerbates the development of cerebral ischemic

neuronal damage. Eur. J. Pharmacol., (in press).
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42, FBREHS X U1k
- (12), HE (22) BLOE S (32) LIREEOERMES L OHECE- T,

4-2-1. KIMBEEMRANREEZMIAN O T b U 7 AR EEHIE

SGLT %4 L7=7F b U o Afit AlE a-methyl-D-glucopyranoside (a-MG) 12 & » THFE L 7=,
o-MG 1FIEREHED 7 NV a—A T F a7 Th Y | SGLT 12 X - THRERIICHE S 4L, Man
~OF MUY ARAZELSESD PP AN R Y v AREOREIL, - (1-2-10)
W 7o, RN E MR ol s M Ag1X, 10 uM SBFI 35 X OY 0.02% pluronic F-127
(detergent) % & ¢e standard solution [140 mM NaCl, 5 mM KCI, 2.5 mM CaCl,, 1 mM MgCl,.
10 mM HEPES, 5.56 mM glucose (pH 7.4)] Z#E T 37°C T 30 RIss S8,

4-2-2. a-MG 3 XU phlorizin L&D )51k

a-MG (2.5, 5.0 pg/mouse F7-1% 0.01, 0.1, 1, 10, 100 puM; Hrfbpk ¥ SH) B
X O phlorizin (40 pg/mouse F7-1% 50, 100 puM; B RUbRk T3EMKASH) 13— (1-2-7
BEW 1-2-12) OFEIHE> TULE LT,

4-2-3. ~A 70T LA MRITIC X B MERENE R TR B L OBt

2-2-3 DFIEIZHES T, N SGLT-1 / v o7 Xy~ AZ{EK L, MCAO #JiL7- 12
IRF R % D KM 2828 L 7=, RNeasy® Mini kit (Qiagen, . HA) Z AWV T RNA O
HZ4TVy, Filgen (B%1, HA) @ DNA ~A 7 a7 LA ZiMIT—E 2 Z2FH L.
GeneChip® WT PLUS Reagent Kit (= & % 255 REMFHBURIT 21T > 7=,
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4-3. fE F
4-3-1. o-MG MLEHZ OFMIENT N U 7 AR L OBILR

200 mM o-MG (28> T, MlaNT MY U AREEFF LN ES L, 20 EFIE 200mM
o-MG % frE+ % Z & TRHEIE L7z (Fig. 18Aand B), = 5Ii2. FE 200 mM a-MG Z ¥shid
52 & THIRN T B Y 7 ABEEEIXEE S TN L7 (Fig. 18A and B), —J . 200 mM
mannitol TIFHEZN T NV U NREO DT ER LR Hi7en -7 (Fig. 18C and D),

A B
’ 0 mM glucose in STD 0.2- *x *x
g : 1 1
c
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— (e}
[ : : Q
c K €
o ’ 200 mM a-MG in STD ‘ < 0.11
K o
Q 35
™
Eos e
o =
5 o
° . MM 0
g 0 mM glc 200 MM a-MG 0 mM glc 200 mM a-MG
0 T T T T T 1 in STD in STD inSTD in STD
0 5 10 15 20 25 T 30
time (min) first treatment second treatment
C D
’ 0 mM glucose in STD ‘
0.2
1 . O E777 77777777 ] g
= : o
é ’ 200 mM mannitol in STD ‘ o
2 £
K c0.11
= o
g 0.59 5/
g g
e g
o
3 e 0
0 . . . s . . 0 mM glc 200 mM
0 5 10 15 20 T 25 30 in STD mannitol
time (min) in STD

Fig. 18. a-MG treatments increase intracellular sodium influx through SGLT.

(A) Representative ratiometric recording of intracellular sodium ion concentration from a single primary cortical
neuron. 200 mM o-MG in STD solution were incubated for 5 min in twice. Monensin (sodium ionophore) treatment
is indicated by means of an arrow. (B) Changes in intracellular sodium concentrations following treatment with 200
mM a-MG. (C) Representative ratiometric recording of intracellular sodium ion concentration from a single primary
cortical neuron. 200 mM mannitol in STD solution were incubated for 10 min. Monensin (sodium ionophore)
treatment is indicated by means of an arrow. (D) Changes in intracellular sodium concentrations following treatment

with 200 mM mannitol. ““P < 0.01. Data presented are mean + SEM.
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4-3-2. SGLT %Z4r L7=F ~ U U LD H A 23Rl i A= A7 2RI M F T 50288

o-MG ALE 1A EMEAFHI D 0.1 mM LU EOIREE Tl B MIAGFROK F 258 L
7z (Fig. 19A), 100 mM a-MG ALEZ X 2 A B 22 M EFER O TIE, phlorizin DILALEIZ
X o THEMERFMCYE L, 100 pM phlorizin @ TIEA E 2tk L7 (Fig. 19B), 0.01 pM
0-MG/100 uM H,0, AL X, 100 uM H,0, HAMULEIZ X2 H Bl E AR 0K T2 6 E
\ZHIE L 7= (Fig. 19C), & 51T, Z O phlorizin DOILLLE K - THIf &4, 50 M
phlorizin OILALEIZ L > CTHEICLFE LT (Fig. 19C),
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Fig. 19. Effects of a-MG-induced sodium influx on neuronal survival rates.

Survival rates were measured using WST-8 reduction assays at 24 h after cell treatments. (A) Effects of a-MG in
primary cortical neurons (control, n = 11; 0.1 mM oa-MG, n = 8; 0.01, 1, 10, 100 mM a-MG, n = 12). (B) Effect of
phlorizin on decreases in survival after 100 mM o-MG treatment (control, n = 14; 100 mM oa-MG, n = 8; a-MG and
50 uM phlorizin, n = 12; a-MG and 100 pM phlorizin, n = 9). (C) Effects of phlorizin on decreases in survival after
treatment with 100 uM H,0, and 0.01 mM o-MG (control, n = 11; H,O,, n = 10; H,0, and 0.01 mM a-MG, n=9;5
UM phlorizin, n = 12; 50 uM phlorizin, n = 10). (A-C) “P < 0.01, “P < 0.05, *P < 0.05, TP < 0.05. Data are presented

as means + SEM; PHZ, phlorizin.
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4-3-3. Jist AR R O S8 BUE S X A MY SGLT-1 4t L7=F b U o Aji AR

MCAO 1 H#EIZHITDH FBG OAHE EFIE, o-MG F X O phlorizin OFEERE %R X
OFEHEG 6 BEREI% OMEN 2 BHRGICE > TRASEELZ T - 7= (Fig. 20A),
MCAO 1 H#ZIZEIT ARZEEERKIL. o-MG DIMENEGZ & » THEEFANEE L
5.0 pg/mouse D & THEIZHE L 7= (Fig. 20Band C), £7-. Z OIIL phlorizin DM
NFRIEF G2 L » THEICWE S 7z (Fig. 20B and C), [AEEIC. MCAO 2 L A1TEIE X
5.0 pg/mouse a-MG DHENFGIZ L > THEICHHE S, 21T phlorizink DJ4=E N FIRE
PG5 X > THEICIH SN 7= (Fig. 20D),
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Fig. 20. Effects of a-MG in brain regions on the development of cerebral ischemic neuronal damage.

Vehicle, 0-MG, and PHZ were administered via i.c.v. injections immediately and at 6 h after reperfusion. (A) Fasting
blood glucose levels on day 1 after MCAO; (B) Representative photographs of TTC staining on day 1 after MCAO;
(C) Quantitative analysis of infarct volumes; (D) Neurological deficit scores on day 1 after MCAO; Vehicle-treated
sham group, n = 8; 2.5 pug a-MG-treated sham group, n = 8; vehicle-treated MCAO group, n = 13; 2.5 g
a-MG-treated MCAO group, n = 10; 5.0 pg o-MG-treated MCAO group, n = 8; 5.0 pg o-MG and 40 pg
phlorizin-treated MCAO group, n = 10. P < 0.01, #P < 0.01, *P < 0.05, TP < 0.05; Data presented as means + SEM;
PHZ, phlorizin.

45



4-3-4. fFE SGLT-1 #/ L7=F b U o7 AFEAD in vitro I 6% & M & 7 L O A T
~H.z b

100 mM o-MG AL{EIZ L 5 A B MIAFROE TIL, SGLT-1 2/ v 7 # v LTk
& c:ctofﬁ?%fc:icfnﬂwénf: (Fig. 21A), SGLT-1 / v 7 X %, 100 uM H,0, B L
0.0l mM o-MG HLAUEZ X 5 A B el B F SR o) &2 A Bl L= (Fig. 21B),
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Fig. 21. Effect of SGLT-1 siRNA and a-MG treatment on the neuronal survival rate.

The survival rate was measured by the WST-8 reduction assay on day 1 after components treatment. SGLT-1 siRNA
or control siRNA was treated on day 2 before a-MG and/or H,O, treatment. (A) Effect of neuronal SGLT-1 knock
down on a-MG treatment-induced neuronal cell death. P < 0.01, *P < 0.05. All groups: n = 11. (B) Effect of
neuronal SGLT-1 knock down on decline of neuronal survival rate after H,0,/a-MG concomitant treatment. P <
0.01, *P < 0.05. Control siRNA treated group, SGLT-siRNA and H,0,/a-MG concomitant treated group: n = 11,
SGLT-1 siRNA treated group, control siRNA and H,0,/a-MG concomitant treated group: n = 8. Data are presented as

mean = SEM.
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4-3-5. JR4E M PRk O S BRI K9 D I SGLT-1 24t L7=F h U 7 APRAD KIE
Rz

MCAO 1 H#OAHE FBG OHNIE, XN SGLT-1 O/ v 7 X 07 R a-MG DR
5T Lo 7= (Fig. 22A), MCAO 1 A#ICH 1T HHZEHREKIL. a-MG DiMEXN
BHIZ L > THEICH AR L, ZHIEMAN SGLT-1 @/ v 7 X il k» THEICH/MNS R
7 (Fig. 22B and C), 1TEIEFIZH VT HEERIC, o-MG IMENE LI L2 A B 2 HH#IE,
N SGLT-1 » /) v 7 Bl k> CTHEICRES T (Fig. 22D),

A
o [ *
o
> 80 [ * *
E
o 60
M
Y40
(=]
S 20
£
o
£ 7 control SGLT-1 control control SGLT-1
siRNA siRNA siRNA siRNA siRNA
saline a-MG
sham MCAO
B C
&> 2500
- 1S
E, £ 2000
< 2
©
N 2
2.4 A 2
] & WL %
control SGLT-1 control control SGLT-1 kS 0
siRNA siRNA siRNA siRNA siRNA control controlSGLT-1
saline a-MG SiRNA siRNA siRNA
b sham MCAO saline a-MG
* MCAO
[ * # 1 1

NDS (score)
B (<2}

N

0
control SGLT-1 control control SGLT-1
siRNA siRNA siRNA siRNA siRNA

saline a-MG
sham MCAO

Fig. 22. Effect of the excessive inflow of sodium ions through cerebral SGLT-1 on the development of the
cerebral ischemic neuronal damage.

(A) Fasting blood glucose levels on day 1 after MCAO. (B) Representative photographs of TTC staining on day 1
after MCAO. (C) Quantitative analysis of the infarct volume. (D) Neurological deficit scores on day 1 after MCAO.
Control siRNA-treated sham group: n = 8, SGLT-1 siRNA-treated sham group: n = 8, control siRNA and
saline-treated MCAO group: n = 7, control siRNA and a-MG-treated MCAO group: n = 7, SGLT-1 siRNA and

a-MG-treated MCAO group: n =6. "P < 0.05, *P < 0.05, P < 0.05. Data represented as mean + SEM.
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4-3-6. ~A 7 0T LAFNTIC L DI A b L AERFE O SGLT-1 Ty 7 F L DfE
&
7ﬁ

~A 7T LA fEITORE S, control siRNA-treated MCAO group & kbifi L T SGLT-1
siRNA-treated MCAO group (23T, 2 UL BN L 728 511% 23 i, b L7-8s 1
X5 HRIE SNz, 2055, b LUZKTO EAL 3 2iE myosin, fasttwitch 1 35 X
O calsequestrin 1 Tl o7z (Table. 1), —7F., & b L2 K+ Efir 3 1% tumor necrosis

factor (TNF), transthyretin 33 X " interleukin 1 beta (IL-18) T& — 7= (Table. 1),

<2 down>

No. Gene Accession Gene Symbol Gene Description ratio
1 NM_001278601 Tnf tumor necrosis factor 0.42
2 NM_013697 Ttr transthyretin 0.44
3 NM_008361 lI1b interleukin 1 beta 0.45
4 NM_134066 Akricl8 aldo-keto reductase family 1, member C18 0.48
5 ENSMUSTO00000103332 Igkv4-92 immunoglobulin kappa variable 4-92 0.49
<2 up>

No. Gene Accession Gene Symbol Gene Description ratio
1 NM_010855 Myh4 myosin, heavy polypeptide 4, skeletal muscle 12.92
2 NM_007504 Atp2al ATPase, Ca** transporting, cardiac muscle, fast twitch 1 4.69
3 NM_009813 Casql calsequestrin 1 4.15
4 NM_001163664 Tnnt3 troponin T3, skeletal, fast 3.77
5 NM_013456 Actn3 actinin alpha 3 3.58
6 ENSMUST00000079237 Zfp125 zinc finger protein 125 3.12
7 ENSMUSTO00000090269 Actcl actin, alpha, cardiac muscle 1 2.95
8 NM_010889 Neb nebulin 2.90
9 NM_011854 Oasl2 2-5 oligoadenylate synthetase-like 2 2.88
10 NM_011652 Ttn titin 2.70
11 NM_011582 Thbs4 thrombospondin 4 2.68
12 NR_028061 Gm8615 glucosamine-6-phosphate deaminase 1 pseudogene 2.62
13 NM_001272041 Actal actin, alpha 1, skeletal muscle 2.57
14 NM_009780 C4b complement component 4B (Chido blood group) 242
15 NM_007710 Ckm creatine kinase, muscle 2.34
16 NM_146189 Mybpc2 myosin binding protein C, fast-type 231
17 NM_011331 Ccl12 chemokine (C-C moitif) ligand 12 2.25
18 ENSMUSTO00000087445 // ENSMUST00000087445 Tuba3b // Tuba3a tubulin, alpha 3B // tubulin, alpha 3A 2.24
19 NM_001033450 Mnda myeloid cell nuclear differentiation antigen 2.22
20 NM_133871 Ifi44 interferon-induced protein 44 2.20
21 NM_029726 Trdn triadin 217
22 NM_053098 Lmod2 leiomodin 2 (cardiac) 2.02
23 NM_009394 Tnnc2 troponin C2, fast 2.00

Table. 1 Identification of altered DNA at 12 hr after MCAO in cerebral SGLT-1 knock down mice.
The expression levels of large numbers of genes simultaneously measured by DNA microarrays. 2 up- or 2

down-regulated genes were listed.
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4-4. & %%

I T, BN SGLT A L 7=l i MRk 2 o0 FE S BT 2 fR B 3 2 7= D12,
N SGLT ZJrL7ct b U U AZHEHE LIcHET 21T o 70, IMEM A N U AARFRIZIE, #f
P D WL A-CHIAIN I Lo T DBE D FRNAELT D Z & T, MREENEL D & X
NTn5 B S50, SGLT 2 L7eT b U o AHAA, BB HI N 77 L3 w7 4
BED FFEELSELZENMBLATNS B LIk G| M @ i X - T
N SGLT M4 L7i=F U 7 ARADBERI & 705 Z LIk > T, MEMA N AEFFICED
LAY BR-CHIA N 1 Lo W FE ER 2B R S, MR MR E R R A E STV D
LRE LR 21T o 72,

HmICBWWT, Mo a—2AMIZE > T SGLT Z A L CHIINT R U 7 LR 31
M+ 52 & %77, a-MG 1% SGLT 12 & » THEAJIZENE S5 IEREMED 7L 23— 2
TFarTh D, a-MG AffldE 7V a— A ARG & FRRICGHIIN T R U U AREZ NS S
TEY, o-MG AMfIZL > T SGLT #4r L7=F MU U AOEENERA 2B TE 5 Z &N
REALTZ, Glucose |2 & D ELIELS 3720, 2 TOEBRT glucose 5 720 STD &K
% 3 SEHERE L7 ISR ORI ~EH LT 5, F£7-. mannitol OBES ., BBEDE
BIXIFEALERNZ L EMEER LTV D,

WIZ, a-MG Z W T, SGLT &4 L7ziflZe 7 b U o AOMBNGRADS, FkAlfust 4
FHET L Z AR ENTZ, £2, a-MG B CIIARAIIIE 2 FFE L2 0.0l mM a-MG %
H)0, &HLE L7z R D, SGLT 24 L= U U AFANEE LD bilfl &b 2 &
T, BEA N LRI L DI SE AT 5 RIREMEAS /R STz, In vivo ORRETT B A
(2, BN SGLT (Z X i AT b U w7 A ADS MR AR E DR B A B35 2 & 28
RENTZ, E£72. invitro BE O in vivo O SGLT-1 / v 7 X7 Of#TH plorizin &[]
ROBMBHERZE LN TE Y, N SGLT 74 Y 74 —LDOHFTH, M SGLT-1 2/ L
727 N U U A OWEEEA D MR S O R B IR B ST EE 2 b, B
EoZ Enb, WE M I X > T, N SGLT, FFICHN SGLT-1 Z4rL7zF ~ Y
U LAPEADNRE & 72 D b AR FE 0D R 5O I I AR R T DS B AR U B FTRE
PEN RS NI,

AR EETIL, 7 v a—Z2DOMIA~OWBEFRAIZL > T b= RY 7 CIEMEEESE
FEANIER SHu, PRI ST E SN D Z L nmbhT g B F7- - OEMH %
ZI b R 7 OMERESEZEITI L bMbA TS T, koT, R & il
W2 Lo T, MlENA~D 7V a— Z@BEIGEAE U5 2 & CHARE I MERp R R S H 23 1Y -
LAREMERE X bIvD, —5 T, SGLT LA obEfEfR & LTI glucose transporter (GLUT)
DO TWDN, MM A b L AR, MEKBEFICFET D GLUTL kit
IZHBLT 5 GLUT3 OFRILSHMT 2 Z &, S HIZ, GLUT BFEAIR, v 7 7 U N %
FRN W37 & | B I e B AR RO ISR BE T Z 3BT D O, oo 2 kb,
Jibd i 6% L2300 U 7= MBS B, (EF 9 2 iR K o TR PR R B KT 35
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NI B FREMENEZ SND, VN a—RFERICE > TRBERA RO T FLEX—]R
THHZ LMD, MEMA R RARRIZZ NV a—23MESW - laaEE LES &L LT
ERLTLS D, LLZn6, AN SGLT IZL - T/ a—R Lz N o Anfilany
WAL TLE D 72DIT, FREERFAMEIE L0 Lk,

~A 7T LA N OFER, IR MR SGLT-1 @ Fii TR 2K 23 vk
72oTm, N SGLT-1 &/ v 7 B N L > T L 72RO O E 2> THDH myosin (FiUT
B RIGEOMELZIRT Z EAME SN TWD 2, Z IR % ORI K &
HHE L LTHETH2Z LRI ENTEY, I SGLT-1 %/ v 7 ¥ 7 12X % myosin
OHIMITHRERNAER LT E 2 bivd, £, fast twitch 1 XF/MaEL L7 A
ATPase N> 7% a— KT 58 THY ., Ziid ATP MRS L D=3 X —%FH
L CREARII D> T, MIRERICHE SN T L&/ NaENEE~ L Eikd 5
Wix LRy THD P, 72, calsequestrin 1 1, EifEA & ASBIIED B 7 AEES #
VRTETHY, FMAENO IS Y MEFHCEETH S Z ERMbATW S M, ik
M2 U AAMRHZIE, MK LS DR O EFAHREREERBLOEMICEE 2 2
Eon . MEBMIRIEIZEBW T, NN SGLT-1 X fast twitch 1 7213 calsequestrin 1 DFEHE
ZRREFE L. MRRN TV NREOEFEMEZHGE S 2 2 &, R iR E R A
HE XSG CWDAREMERE X biviz, £72, SGLT ZJ4r L7z R U w A A K AR
VT LEEO LRI TH 7208 B b 0RFENS LTV D TR E 2
bivlc, —H T, N SGLT-1 @/ v 7 X0 AZ Ko TEA LT/, RIEVEY A B
AL ThD TNF R IL-1B BDEENTEY . WA SGLT-1 / v 7 X0 T X 2 ki itk
PR E R B O BN RIE 20 L= & B 2 bz, X512, transthyretin (XM HEFBEIRK
PIZEIREICE ENLMIE X /37 BT, BB OMFE IS & > TIHFEE~RET 5 2
ERFHNTND P NN SGLT-L / v 7 # vzl » T, MM A b LA L5 i
MBI OREFED IR S 7= Z & 26| transthyretin FEENBA LIZD v d LIV,

AREFETIX, BN SGLT FFlZ SGLT-1 ZA Li=F b U 7 A DOFEA DR fPE AR 0 5%
BUZ G2 DT OWTHE 21T o 72, ZORER. N SGLT-1 24 L72F U 7 AjRA
DS A% R I Ko TR & 72 2 2 & T AP SE-CAP IR BE L OB IR A 558 5 5
AREME R ST, E oo BN SGLT-1 @ Ry 7 /uiid, MR T 12 0 LR EE 2 5
i 2R 1233592 ATREME AR vz,
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#IE MY sodium-glucose transporter type 3 (2 & % A4 E FHRE R o fiFBH

5-1.

SGLT-3 (Ifthod> SGLT 7 A YV 74— AL By | FEIEAEET, - b U AOLE L
THREDOT L —& LTHARET 5 2 LS T 5 218388 - Sopiig | /Mg Tig
. BRAG. 2U AEBIERR FICRBLL TV A Z E RS TV S 89N iy T3
R TFERD 70 21— AR FICRBL L, Z OO 7 )ra—2 2 X 515 kicB 54
HTERHEENTHND ¥, E AT B U T AREED DTS L 3 — R PRI
FLTHRE BRI E T, Do s 2 L@ shTing 910wz, ik
W SGLT 7 A Y 7 4 —2DOH T, SGLT-1 A3 i AR fE 2 O S I B 545 2
EER LT, MO SGLT 74 Y 7 4 —ADOBEIZRHTH -7, &2 TRETIE,
SGLT-1 LIAADIN SGLT 74 V74— DOEDE LT, DT A V73— b E TR
HME AT S SGLT-3 IZEH LRat 21T 72,

il

KREOHTENED —HIE, TreDmX & L THEELE,

1. Yamazaki Y., Harada S., Tokuyama S., Sodium-glucose transporter type 3-mediated
neuroprotective effect of acetylcholine suppresses the development of cerebral ischemic neuronal
damage. Neuroscience, 269, 134-142 (2014).
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5-2. FERIEHRS L U5k

B (1-2) BLOE FE (2-2). F =% (3-2). HUE (4-2) &REOEBRMEL IO
EIZES T2,

5-2-1. SGLT-3 siRNA D72 & QNT #5057 1%

SGLT-3 ON-TARGET plus SMART pool (SGLT-3 siRNA; Thermo Fisher Scientific) 33 X °
ON-TARGET plus Nontargeting pool (control siRNA; Thermo Fisher Scientific) (3. in vivo jet-PEI
(Polyplus transfection) & 3£iZ 10% glucose ¥KIZEE L 7=, AR EE 5% glucose (272 %
X O ICIRE K Z N 2 FRE L 7=, SEiEIE, 10 uL (N/P tb=6, RNA &% 1.0 pg, in vivo jet-PEI &
ELT012uL #5ETe) OFETHMENICHRBIERE LT,

5-2-2. RR_UNDEEHE

Y AT T —VHEKTHD RV (Sigma-Aldrich) 13 FF#E 5T IE. 7 ([ BEEN
(intraperitoneal, i.p.; 1, 3. 5mg/kg) #5 L7z, *FREEICIT saline (REFRIER RS 4E, KB,
AA) b LT,
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5-3. ff R
5-3-1. N SGLT-3 %8814 & SGLT-3 siRNA =N 5 D8k

SGLT-3 & /7B 5HIL, RIMBCE., #REIR, 5. R 0, WK, B, Mk &
OHIRIZ IS A L TR D FRCREKIZEB W TEZ <GRO bt/ (Fig. 23A), SGLT-3 siRNA @
NG 3~4 BRZRIZBW T, KIMEE SGLT-3 # v 37 B BLIAEIZRED Lz (Fig.
23B), —77 T, SGLT-3siRNA DOMENPLG 1L, KINZE SGLT-1 OFBUITHEL 5 2 78
7> 7= (Fig. 23C),
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Fig. 23. Localization of SGLT-3 in the brain and the effect of SGLT-3 siRNA administration on the expression
levels of SGLT-3 and -1 in naive mice.

(A) Representative western immunoblots of SGLT-3 in brain lesions (n = 3). (B, C) Representative western
immunoblots from mice administered (i.c.v.) with SGLT-3 siRNA (1 pg/mouse), showing the time course of cortical
SGLT-3 (B) and -1 (C) (control group: n = 3, day 1 group: n = 3, day 2 group: n = 3, day 3 group: n =5, day 4 group:
n=5). "P < 0.05. Data are presented as mean + SEM.
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5-3-2. MY SGLT-3 / v 77 &2 07 2 L % MR i A 2 i 2 8 B~ 0D B 28

MCAO 1 HZIZEBWT FBG IFAEICER L, 20O EFIINAN SGLT-3 %2/ v/ X o
LTHLEDLRN->7= (Fig. 24A), MCAO 1 H#%OEZERZAIE. MM SGLT-3 %/ v 2
o452 L THRBICH KL (Fig. 24Band D), F7-. N SGLT-3 / v 7 X 72k
T, MCAO1 H#%DOITENARE & A EICHE L7 (Fig. 24D),
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Fig. 24. Effect of SGLT-3 siRNA on cerebral ischemic stress-mediated neuronal damage.

(A) Fasting blood glucose (FBG) levels on day 1 after MCAO. (B) Representative photographs of TTC staining on
day 1 after MCAO. (C) Quantitative analysis of the infarct volume. (D) NDS on day 1 after MCAO (control
siRNA-treated sham group: n =9, SGLT-3 siRNA-treated sham group: n = 9, control siRNA-treated MCAOQ group: n
= 7, SGLT-3 siRNA-treated MCAO group: n = 6). ~P < 0.01, "P < 0.05, *P < 0.05. Data are presented as mean +
SEM.
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5-3-3. M A b L A AR O SGLT-3 J&H DMk 2L

KIGEZE D SGLT-3 # > /7 B BUEL MCAO 12X > TE{L L2 > 7= (Fig. 25A),
MCAO 1 HEIZBWT, MEIRD SGLT-3 # /7 ERBIIA B L= (Fig. 25B),
MR 3 X OMAR TR T, SGLT-3 # /R 7 B %8IE MCAO 3 HEDHAEIZIET L
7= (Fig. 25C and D),

A 150 B 150
z z
& 5100 & 5100
0% 0%
Mz (Y=
He 50 Ko 50
(O o<
%] %]
0 0
SGLT-3 iy s - .. 2 . P SGLT-3 == = = -— . = I
GAPDH weme sy ——— ~—— — — — — GAPDH ey — — —— — —
sham MCAO sham MCAO sham MCAO sham MCAO sham MCAO sham MCAO sham MCAO sham MCAO
immediately 6 hr day 1 day 3 immediately 6 hr day 1 day 3
cortex striatum
C 150 D 1m0
* T
Eg Dg
% 5100 % 100
(O3 G
A 25
He 50 [ He 50
o= [GR22
2] %]
0 0
SGLT-3 &= =53 L I ] - vy SGLT-3 = e s £S5 G Ee
GAPDH v w— — — —— — — — GAPDH e s — — —
sham MCAO sham MCAO sham MCAO sham MCAO sham MCAO sham MCAO sham MCAO sham MCAO
immediately 6 hr day 1 day 3 immediately 6 hr day 1 day 3
hippocampus hypothalamus

Fig. 25. Changes in the expression levels of cerebral SGLT-3 after cerebral ischemic stress.
Representative western immunoblots of SGLT-3 in cortex (A), striatum (B), hippocampus (C), and hypothalamus (D)
at 6 h, day 1, and day 3 after MCAO (sham group: n = 8, MCAO group: n = 12 -13). "P < 0.05 P < 0.01 vs. sham

the group. Data are presented as mean + SEM.
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Fig. 26. Effect of donepezil (DPZ) on cerebral ischemic stress-mediated neuronal damage.

(A) FBG levels on day 1 after MCAO. (B) Representative photographs of TTC staining on day 1 after MCAO. (C)
Quantitative analysis of the infarct volume. (D) NDS on day 1 after MCAO (saline-treated sham group: n = 9, 1
mg/kg DPZ-treated sham group: n =5, 3 mg/kg DPZ-treated sham group: n =9, 5 mg/kg DPZ-treated sham group: n
=9, saline-treated MCAO group: n = 8, 1 mg/kg DPZ-treated MCAO group: n = 6, 3 mg/kg DPZ-treated MCAO
group: n = 7, 5 mg/kg DPZ-treated MCAO group: n = 8). “P < 0.05, *P < 0.05, “P < 0.01. Data are presented as mean
+ SEM. DPZ: donepezil.

56



5-3-5. fi¥N SGLT-3 I X 2 PR EH~D = U AEE PR R OB 5-

¥ SGLT-3 ./ v 7 X7 v BLO RV LOHEEX, MCAO 1 H#IZEBITS FBG
DF BRI % 5.2 72 1= (Fig. 27A), MCAO 1 H#EIZEBW T, M SGLT-3 @
oI HE T AR o THBICHR LIEEZERERIT. FEAXULOMEENEGIZE > TH
EAZHH S 47z (Fig. 27B and C), fTEIRFIZEBWTH, N SGLT-3 /v 7 X2 X
STHBICHESNTHREIL., FEAXVLOBEERNKREICL > TEBICEESNTE
(Fig. 27D),

A3
= 80 *%
E [ *k
o 60 %
M
L 40
]
$ 20
IS
o
& 7 control control SGLT-3SGLT-3
SiRNA siRNA siRNA siRNA
saline DPZz
sham MCAO
B = C 52000 # +
g 0 £ e |
=~ <1500
g+2 g
B 500
control control SGLT-3SGLT-3 3
siRNA siRNA siRNA siRNA E o
saline DPZ control SGLT-3SGLT-3
sham MCAO siRNA siRNA siRNA
saline DPZ
MCAO
D
8
— M ]
g 6 — ] ]
2 4
: +
z 2 =3 ez

0
control control SGLT-3SGLT-3
SiRNA siRNA siRNA siRNA

saline DPZ
sham MCAO

Fig. 27. Effect of DPZ on the exacerbation of cerebral ischemic stress-mediated neuronal damage in SGLT-3
knockdown mice.

(A) FBG levels 1 day after MCAO. (B) Representative photographs of TTC staining 1 day after MCAO. (C)
Quantitative analysis of the infarct volume. (D) Results of the NDS on day 1 after MCAQ (control siRNA and
saline-treated sham group: n = 7, control siRNA and saline-treated MCAO group: n = 6, SGLT-3 siRNA and
saline-treated MCAOQ group: n = 6, SGLT-3 siRNA and 3 mg/kg DPZ-treated MCAO group: n = 5). *P < 0.05, P <
0.05, "P < 0.05, P < 0.01. Data are presented as mean + SEM.
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Fig. 28. Co-localization of SGLT-3 with neurons, including cholinergic neurons, but not with astrocytes in the
cortex.

Double immunofluorescence of SGLT-3 and NeuN (neuronal marker), choline acetyltransferase (ChAT) (cholinergic
marker), or glial fibrillary acidic protein (GFAP) (astrocytic marker) in the cortex of normal mice. Representative
photographs of SGLT-3 (A, D, G) and NeuN (B), ChAT (E), or GFAP (H). (C, F, I) Merged pictures of SGLT-3 and

NeuN (C), ChAT (F), or GFAP (I). Scale bar = 50 um. ChAT: choline acetyltransferase.
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Fig. 29. Co-localization of SGLT-3 with neurons, including cholinergic neurons, but not with astrocytes in the
striatum.

Double immunofluorescence of SGLT-3 and NeuN, ChAT, or GFAP in the striatum of normal mice. Representative
photographs of SGLT-3 (A, D, G) and NeuN (B), ChAT (E), or GFAP (H). Merged pictures of SGLT-3 and NeuN (C),

ChAT (F), or GFAP (I). Scale bar = 50 pum.
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Fig. 30. The outline of this study through illustrations.

Cerebral ischemic stress induces hyperglycemic condition.This condition activates AMPK, JNK and p38 activity,
which activation up-regulates neuronal SGLT-1 expression levels. Excessive influx of sodium ions through neuronal
SGLT-1 exacerbates the development of cerebral ischemic neuronal damage. In contrast, neuronal SGLT-3 exist in

cholinergic neuron and has neuroprotective effect through activation of cholinergic neuron.
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