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Abstract

Background: Mechanism study of sevoflurane preconditioning—induced cerebral
ischemic tolerance is mostly focused on the death and survival of neuron, while the
involvement of other cell types (i.e. astrocyte) is negalected. NDRG?2 is a gene that mainly
expressed in astrocyte in central nervous system and plays an important role in regulating
astrocyte proliferation and reactivity. Our previous work showed that NDRG2 might
participate in brain ischemia. This study investigates the role of astroglial NDRG2 in the
neuroprotection of sevoflurane preconditioning against cerebral ischemic/reperfusion

injury both in vivo and in vitro.

Methods: At 2h after sevoflurane (2%) preconditioning for 1h, rats were subjected to
MCAO for 120min. Neurobehavioral scores (n=10), infarct volumes (n=10), astrocyte
reactivity (n=6), cellular apoptosis (n=6), and NDRG2 expression (n=6) were determined

at 24 h after reperfusion. In vitro, cultural astrocytes were exposed to OGD for 4h at 2h
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after 2% sevoflurane preconditioing (1h). Cellular viability (n=8), LDH release (n=8),
apoptosis (n=6), and NDRG2 expression (n=6) were evaluated in the presence or absence

of NDRG2-specific siRNA or NDRG2 overexpression plasmid.

Results: Sevoflurane preconditioning improved neurological function (12.75[11.38~13.50]
vs. 7.0[6.5~8.5]), reduced ischemic infarct volume (25.7+5.7% vs. 48.3+8.9%), decreased
apoptosis (TUNEL—positive cells reduced to 31.2 + 5.3% and cleaved Caspase-3 reduced
to 1.42 £ 0.21 fold) and inhibited NDRG2 expression (1.28+0.15 fold) and nuclear
translocation (2.21+0.29 fold) at ischemic penumbra. Similar effects were observed in
cultural astrocytes exposed to OGD. NDRG2 knockdown by siRNA attenuated
OGD-induced injury (cell viability increased to 80.5+4.1%; LDH release reduced to
30.5+4.0%) and cellular apoptosis (cleaved Caspase-3 reduced to 1.55+0.21 fold;
TUNEL—positive cells reduced to 18.2+4.3%), whereas NDRG2 overexpression reversed

the protective effects of sevoflurane preconditioning.

Conclusion: Sevoflurane preconditioning inhibits NDRG2 up-regulation and nuclear
translocation in astrocytes, and represses NDRG2-related cellular apoptosis to induce
cerebral ischemic tolerance via antiapoptosis, which represents one new mechanism of

sevoflurane preconditioning and provides a novel target for neuroprotection.

Key words: NDRG?2, sevoflurane, preconditioning, neuroprotection
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BAR, H4 30min, SR HAEBRARGNIED CA1 XHEES), KI-LHkED
2R SR R 7 LA AR AR 1 A B RO SR 2% 4% 6% b
FE AL B 5 i By S5 54T OGD, AR 3 7 BRI R ARBIESS R, RN TS A0
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LB E, #7E: 30min, 45 R TR BRFAIE 15min SR, B0 HESE 4
RIACHFIFG 24h JE R, LHUbE AR A Tmin CBEIRIE SRS CAL
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metalloproteinase-9, %514 @ & HEF-9) 70k, FFILELEF CXCL10 (C-X-C motif
chemokine 10, CXC #F#1LE T 10). CCL2 (C-C motif ligand 2, C-C BFEAE 2)
R 98 BRI TL-1B BRI, T I6k/D 1 I 57 Bt Fr) 8 PR » 4R 17 1L o o 1) 5 2 1,
PR BRI B R R 2 B4
1.3.4 #0440 faE

AT RN IS AR Pl 2 A AT T 1 32 2207 3 AR 2 6 T - LR TR B A 4 AR 4
A F BRI FE 800G T O 40 M P8 T se e, R I R TAL BEE 25 A RO TE AR PR 8 T
P af A T A OB A Caspase-3 BEAG A B4R, PRI TUNEL FH LN £
001 B AR BL-L R TIAL B AT 38 i N AL T2 K] (Tnf, Tnfrsf10b, Tp53 %5)
FiL. BRPTFET RN (Aven, Bel2, Bel212, Prok2 5) Kik, R0 3 2 [A]{1F-45 )\
T AEZR M P 5 715 S APl T 7 & RPN, B4h, Shi H 2% B microRNA-15b A1)
WIPEEEE Bel2 Rik, S5 7GRS U TN AR G, T - U T AL BT A
miR-15b, W HXF Bel2 1R, H KA siRNA T4 miR-15b ik ARG HULE T
Kb FR AR /R L, 2 L 3 TIUAL B R @ S 0] miR-15b Xt Bel2 [¥1if4% R I P
TAER, 96 M B L AV E AR R 4 T 30T 0 T T s
1.3.5 ByE ATP SBUR 81 @1E (ATP sensitive potassium channel, Kyrp)

Kare 77 AP, — 2040 T T E1 sarcKare, 55— 0040 T ZRhL A I
[¥] mitoKarpo IEFHHHLT Karp il HEEUR, SZHRIBTFIBI sarcKare P U8R 4H i 25 4%
AR BE T Il My PEEE S ), mitoKare TR FEIIMI ORI E R 2 . 2R BbL A Tk
JEUIN VR B R A AR . B ST AR 2 R i AR Y R I B U T A R £
A F T P mitoKare #7525 5882 (5-hydroxydecanoic acid 5-HD) 1'%
STORHMT L TENF —F % (diazoxide, DZX) WML GBUkE FiAL B 1y 28R,
UL R TR B AT B R Kare KIFGRIIER . 5341, Velly L SR IL-GRUbE Filsd
H PR3 250N AT [ 4 5-HD A1 sarcK arp BELWT 778 51 A Bk ( glibenclamide ) fif BELITR2,
T sarcKare 025 7 -LHGE AL H AR EF . SR1 Bantel C Z#H1758] 7R
[FIRIZE 1, MAITEMZ oA M IL B2 OGD A R I, LRtk AL FE AL
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S BEASBERR sarcK arp FELIT7)HI 2K T IR (tolbutamide) BHIWT, tBAAEM: mitoKare B
W% 5-HD FHIT, #f—P7E HEK293 40 =ik A sarcKare, KIL-LH#LE. 79
BEI AN HEWUE sarcKare, T2 H AR HIHIMER, IGICA Kare BITFHOFAZ 55
FEZ ORI 24 AR HE (0 R4 1B T, ont 2 R 2 ie 4@ 7 H6R, 9 Kare 7E-LHUGE T
Wb B AR LR (1 AR v 7R — 20 e B
1.3.6 FHLEOEEE RS

20 L P R IR £ ST A B R R AL, Y R R AR RS T, SR 4 i
WAE SRR, RN P A A7 S S AR5 S Pl R EEAE . B
R IN-G G AL B AT 38 0% cAMP (eyclic adenosine monophosphate, ¥R AL AREEZ )
/PI3K  ( phosphatidylinositol 3 kinase, gt AULEE 3 ¥ lg> PUsi i CcTMP
(carboxy-terminal modulator protein, FRIEARIGIHITER A U, i Akt BEER LIS 58 1T
T AL, AR R L S 4 L ) A A7 o FL At 1 2 B BB R R 48 MEK (MAPKV/ERK kinase,
MAPK/ERK ###) /ERK (extracellular signal-regulated kinase, ZHffl4Mz 5 15 Bk )
/MAPK.. PKC (protein kinase C, &5 H i C) /PKM (protein kinase M, & H Il M)
HPE -G RUGE TAL R (R0 28 R4 b 473 766 B 22 A €. ERK #0377 UO126 AT L e 70
AEFR T A SRR LT 3215, U0126 A1 MAPK 157 SB203580 34 A 1 s L i b ot
WL i - OGD A5 (T ib 38 2272 . PKC/PKM (34035 5 mTOR (mammalian target
of rapamycin, THIHERMLE ) 55 BMA XK. LHGEHLHEEL mTOR, f#
PKC/PKM 2 A& SN, HAERFBERR A BOTIRAS, TP Karp, 1 THRAH M0 R AL 2
JE, ek e 51 2 R BR A A R e A B T T Rkt 2 41, FAK (focal adhesion kinase,
JEEREE RIS 25 T LR B EE R R M 4 2 4505 e R Y
1.3.7 HAthE] BEHLH

b iR 2 SR AR A7 AL 2 A, -G oRUoe T4l A v 36 o JF A 400 P 95 S
YHf#5)9. TREK1 (TWIK-related K channel-1, TWIK AH<80IEIE-1) & X FLHHE
R —F, IR ERREEZ MRS 2 — . LSBT E AT 3 i TREK1, R TREKI
U] 4308 - Aot TRUAR 3R P o O FH ), SR BHBR Kare b, TREKI B2 5 7 LRI
ALF X 40 P AN T AR 5 . Noteh {55 38 B8 T 88 (I, (HB /e 40
WA S5 SR RN EZER, SR, KESHRHEVIME. IEFRK
I Notch 1552 5k il FfHEF BT IR ) S5 I GUE IS TS, ARSI = M 7o 4
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REAZETEESE 7O -CRGT AL FLTE A (2 Fh AL B 1 1 o0 28 R4 00
OV, S Ah, LR T A B R I PR ACRGB 4> T (ICAM-1, intracellular adhesion
molecule-1, #Hf[EFEF 43 F-1; VCAM-1, vascular cell adhesion molecule-1, L& 4]
FRKG BR4> 7--1) FI3E R 48 B A BF (MMP-2; MMP-9; TIMP-1, tissue inhibitor of
metalloproteinase-1, 4 J& & FIBGZH LM FN-1) T 9524 ik dfiL R A20NT I G Jo7 e () B I
71 k) 42 R A4 i M 3% 4041 (mitochondrial permeability transition pore, mPTP) 4
FRBR T 5 2R ik 1E 5 Thaelo), AR B4 B ATP & /b DLkt e AR5 AL
i AR AP T PRV T R T PO A4 o

DA_F St - b T Ak 35 5 i 0 LT 52 RO T o s, G b Ak 3 s 1 1
Karps HEWEE R G L HAN 2 FE 50 TR A v, s g R, fes
RS, ErHNEIE T PERAE S PR RS AERF ML BF R IE M, 2 SEIRS
e FEE R AR AR B . SR R PRI R 2 P S oA S, o
MRS R G0N B e MO AR MRS, B T 50 Jof 400 R 7 R 1 M R IfL S A 42 0 AR T
g REEEAE, (HIHEERS 5 LRI AL AL, M AT 1T A
2 EREFRA MRS bR MR 45

124 g1k, s AR T KT IRE BTG — AN T R BRI S AR ST A A BE T
SR, PR RIS I RESE, AR 2 D #H O AR T REIB B 1, I 6 204
i N AL R T T NIRRT P9 B 4 A A s A i e
JEAEWN . T RIEER B4 M B s T e o i Ecs,  HETRR BT gu i #h4
TCHIAAIE D e R PR OB NME T, DR s ORI 0 2 45 2 0 J o 4 Py 1
T Re T e A ) Tl A o R B 24
2.1 E %R 4 M i AR B T e

B TR R AAER T 15 G A B M S RERS B DL R Y E =T 4L, i85 5
— RIS A ITUAFIE M I RE UIAR I A B 3, SIS BUR B e 20 517, 7
FEYH AR P AR AK BRI TP 4R A B R R A L Y i
WA EFRNTIPE, ERE RIS S TG o iln o fs Bk, M7 «=
Gl (FHTRE AT,
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2.1.1 EFREHMAN K, SEFIERBR P

WA TORRARIT KT KRN, SN KRR T & — I, RIRR
JoF 4 T 38 ok 4% L3 A B HL AT (1 AR AR TR JR 3R T R K o 9 B AT A, A 1) 2
A1 ZZ R AR FAE 55— O T, B TR R0 o 00 M 3 TR A7 DK L 1] 4% e R o 4K
i K, DA H A SR i i E B IS AT R 2 70 %
ey B R S 1) 2 A B BRAN A AL AR K, oAb Na'/ K'ZR . Na'/K'/Clrdt#tizafk (NKC

LB R AFE T BB, A ATP SEAER4ERFNA AN = KORMIE Na 3655

FAL, Kird. 1 FIXL KEIESE A T —EER .

R T 12 J5 4T L 3 T 3 5 k2 Ah HYRD HC. O, A8 =4 SR 42 8 200 B 4/ M R i - i
TV RS L 5 e P 2 T e Joia 4 i P A7 AE B R IEF - (carbonic anhydrase, Car), TR CO2
KA AR H A HCOs , FFIF Na™/H 22 et H ik 2 18 W, @i C1/ HCO;
TR HCOs ¥z R 4NANG, FHs B4 sNR ) HCOs FR45 & 4nfisiit H
FSHTI) COL JHEN BT IR TN AA Car (AP, Witk Car- Na'/H 22 #e- C17 HCOs
TR = FH I AL A A H YRR RIS . A — AN EE R HHBIE RS2
FR/MH ek . 2 RTE R IR R BT AR & o AR AE [F) g, R EEDRe R AL
MR IE R TR T AbM, TS #h 2 Je H AR 2 e SR (R B, B TR o 4 - o
2 TCHLFRIEIN (astrocyte neuronal lactate shuttle, ANLS) P21,

Ak, R FANMAR F A7 KB /KI@IE (aquaporins, AQPs), ik EE(H
& AQP4, EEANAE TR B AN AR ST BN ANk R =P, AQP4 HIFETE
A R TR M IO A B P 470 i A R TG e 2 K A IS, AT R KO R A ST (1 3
B>,
2.1.2 BE. KiIEHE . GABA. HEBMS ML MR

B2 TV i 40 i e BB B2 P Dy e 2 — (R IO By M i 0 88 T R, R 2 T IR
JR A L S 1 A H e S GRS (glutamine synthetase) #7 ZBR 46 Ak A Z L i
FORE o KO A 2 B e ARORE TS B A M A, | <0830 ) % ik i 22 o B S0 =BT
WABERPY . BI040 RO KIS B 2R, R T A2 R KRBT w4
TCHIM B PERR AR, MR SR L/ PR i R E AR R . B DR B A &
PR () B FOUAR A 1 JHL PSR T 1 M B S E R %32 /& (excitatory amino acid transporters,
EAATs), HALL BAAT2 MEFA B AEEDL, B EAATs 4F, BERKRGEIMIE RS
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GABA #:iZf& (GABA transporter, GAT), 1 GAT1 Ml GAT3P® 7, DK H & Bkt
iZfk (glycine transporter, GlyT) GlyT-1 fl GlyT-2U% 2IDL & A+l ik iz iU 004,y
X0 K A 22 35 [T ) 2 S HEAT U Y o 1 R AE R TR 4 L T R L B i A 42 346 I
Wi, AR 220 S EIR R, SR, 2 BT amm™,
2.1.3 T8 RN 4 de L fi R B ) S A, AR i LR 2

FRTESE R A £ R AL EeM N T L, 5 N RO R e e . T, BEEIL ()
e IR BB (blood-brain barrier, BBB). IRAA B, SN MH S I A
7 A0 AR B S BOR R T A R g e e O A T M 5 A e A A
FATE, A5 M5 06 S SR R A2 TG I P A8 e, A9 Aol I v v 1085 32 0 I
EiRE . EIEREEEEMNZTT, RS A A s 2 N, T
B ME B = i VLA, i i e i 4 1) 32 ZEAOR /N S ik AR B e o 3l AR
ORI, BTV 03 240 P {8 2 46 28 0 4 8 0 77 3 AR A A 368 2 /N Rk )~ UL 4
AR /N Bl bk B B A R T R e i i m U R R M AN B SR T mGluR
(metabotropic glutamate receptor, fREIEIB IR Z A Hzh5 L4 A Ca* KF
Thi, EACBEIREE A2 AR IURIR, FFH COX-1 LRI AR R 2, Al E-F
T LET Y

1,000 - 10,000
total processes

N

\\
h \\
Soma; Protein synthesis >
LAY I and energy production.
\ Very negative
Gap Junctions. Cx43,30. membrane potentials T

Astro-astro communication. are measured here.
Movement of K+ Ca2+ IP3 / Glutamgte uptake anfi

o conversion to glutamine. Also
release of glut, ATP by

etc. Dilution of taken up

substances. . -
exocytosis(?). Specific
localizations of other transport

systems?

1. Glucose uptake

2. Release of H+, K+ to blood

3. Known channels; Kir4.1, AQP4,
4. pH and other transporters?

—
> >
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B 1. BT 40 R 5 A 40 B i 40 i TR Bk R e R EAE BT RE
Harold K. Kimelberg. The Neuroscientist. 2010, 16(1): 79-106.

2.2 E % B 4 M 5 i Bk )M

i e L/ P RE T 34 H 2 T B 48 T AR T s BELML ) 1 7 R T I o A AE T R Ok
HEZMEM, W ROS. #IE. W, ARMME AR R . SR IX 564 (1
L BHL BT 5 A RN AT S RE B T B =, S LR ELFE 2 0 R TR IR 4H L AE
PN BT AR AR AN AT A5, (B B 2 B 15 X, AT A 798 A 5 ) 3 I L7
IHER AL, AU B IE R ISy, AR5 A SR B 4 T S AT T R A
ST B R e o 4 i — i 48 Je L85 F7: 1), 60~90min OGD Bl AT 524tk 2 $ph 4 o4t
T, TR TR AN UZE 4~6h OGD JEAUA /45" 17 hsesb iR, 5t
A% X AL, BERFEMRAE R ZcEZI®, MCAO J& 1h & ks EY
BUBH S R F%, (HEZRF M GFAP (glial fibrillary acidic protein, #4217 Bt &
D {EFREE 3h hRrSimRIE, BHE RN TRIRT ™ . KX 58 5 4735
[ 2 TR I 0T 4 T A 42 DR it R 24 P 44 A5 T e R I R L/ R0 AR T AR, st
MZ D Re RS E I 2B
2.2.1 SRIMJE R B E R R4 A Castrogliosis) B “XU 7)) ” {EH

ESCHTR BRI X GFAP 5 30k 2 S N1 B R IR o 40 M 1 A R R 3. 2k
W, BRI IO 40 0 5 A 4 i ) 2 B2 e R 0T 8, AR T DR S 5 I ) [ 4
P, S SEEAHER Y R FAk, BT A MR R 26 4 A DR 2 o B gk
ML 5 0 P ) 9 RE BB, 51 AR A T g0 o 40 ) A M i 00 s o 1 18 A= T B A AE BT

L, SeE STk &N B, SN S R R A B R T R
IR, T B I 2 A M J 400 ff % A8 S A SR e s T e e e ), S — 0y
T2 TR R 418 2 7= A AR 3 & (chondroitin sulfate proteoglycans, CSPGs) 2311l
Medk 2 N, W SRR R s AR . AR, SRS B AR 4N 2
72 A S P R 4 RIS I A B RN, ELHE T B R R 97 LE A A 1 — 25 4
UL # g BBB!'Y, PR E RN ISR BERURIL, RBR GFAP /N RUR kLM
i 5 I S B B T AR 8 e, RIS GFAP IR (59— B T 5 40 S S8 4k
WAL AR B R R A A R R AR 24T, T MCAO R4 T R IR
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I B S AR R TR T PR A AE 258, 1K BBB Zhie!'™, SR B i f5 A 7 10 4
MRS R B AR e . R, B it 2 9 e I 4 e B oA 4949 26 4k A %
PP T HPE R, AT 7 B O IR i 47 AR kR 22 D e AT = L
H T TIAE £
2.2.2 BT8R B 40 MO 5 40 A A R K T RN A R A

ESCERE], IO M TS B B E IR A i A L D RE L — o
SRIG, PETCZ BRI ERIA R, IR RAERRrS: 2 WL, JFad—#
HI I S B - B AT, B Ar M d e . TR 40 M ik 36t T EAAT2
FIEAAT BRI S fs (R BR AN 4 B /MR 1 A R, 4 RE IE A5 0 40 A4 e &
RIS, 5 BEAATSs [QIhRE TR BRI S 1) X6 A 81 . (H EAAT2 3R EIR
RN TR AL, KT Na/KTATP Bf. MNBRIMEESIE ATP K R,
Na'/K'ATP BEHITEHEREAR, SE EAATs ThEEHIH], SCnThneE ek st i kAl

120]

o

2.2.3 BJUIR B4 M 4 Wb RRE R 7 2 5 i R i 1 4 B R o R

Ba/NBTTAHAT BT 5T 20t 2 P AR R 2 2R Gt A2 AL IR — P e 2
AR 2 A JORE R o SRR BT, B O ORI 2 1 7 X IR R 22 70 I Joia 4 i
FEAEAR A ANMIR TR ROS, Ak S T R A M R/ e R A At =1 3 4 ) 2 TR e i 4
AT i IL-6+ TNFa IL-1o IL-1B+ TFNy 542 46 i R 71 21, S 5 38 1 NO (nitric
oxide, —HEMED FE, FFRTI MHIINZ KA WU BELAS B i 450 f5 18 & it
FECO 12 it J v A S 5 4 s wT R R b DR U, S b R A P R A
KB o7 (RS2 A0 M i H I 0 B B i B0 2 SR S — D5 TR, SO RS ] R
A RV . TR R R A AR A TL-6 76 B a5 301 B A e e A/ R 2O0, i i T3
ACFRATIE T TLR-4 (55 8  TNFo. NFxB Al COX-2 %5 48 RE R 5 I8 11755 S i ik
M 52127 DR, 980 SRR R R I HR AR A AN R — MR 1, ER - R g e [ A
PRI IR IFFRE
2.2.4 BJY R 40 8 i A R TP B AL Y R AL B R

B o R E e A KR Bk, B NOL R, WRERERZEY, 5l
SAARIR ATP PoAE RS, IR ZRR AR IR AN (4 3 -C S8 pid -1, semT
AR R T A S, SR IRZE Y, R R AN i R i GSH A1 SOD.
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PUR MR P AR E A ROSAR T, ELERFNZ O A7 35 Hp R A B R A 12,
Horb GSH 2N EZIPUENY, BIBERANEA GSH K H A B mgT & T
ZI0. MEuERIERmMMILRE TR, GSH S & & THEn iy, AR
RN T B A 2 oot GSH!' . (HAHE oA & B4R F oK B A 0 e I 440 i 1
GSH, T 2 F F 2 T R A AR GSH 36 J Dt &R Ak HE A28 T I 21 & R Sk
FOH A GSH, RAIEXHRE 0 s A AT, B 4 R i) GSH 1E
AR BR A A ROS AR 2 e i Bt 2 Rhia T i it F 254 @ ik B GSH
AR R AR BT R R IR R 4 SOD 2 &', SOD w4k
A A A SR EAG S, R A 5] R 1 AL SR %5 . SOD JE PR bk
/IS BRI 5 A A T 28 AR S 3 4 0T, 1 SOD W tof Jaj A 14 i e i AR 4 fo ik i 7= A
PR R NS L B R AN Y I BUIR MR (BR4EAE R ) e M B i/ i T R
FEFE IR P A P A RS G A A FR U T I R R PR I BR A T AR T, B
5@ BBB, HENMN A J5 A b 2 T 03 40 A0 2 A iR I o T3 80 400 i 7
FEPURAAE F I MCAO 51 (¥ g dsf /P-4 51 40,
2.2.5 B YR 40 @ ik /KO8 1 2R R e BRI /S P K i

e 5 B 0 BE BE RN, Ky T IS B S Y, 51K . ik
P I 2 B R0, P PR LR, DA A A . R TR R o A e e K e
B IR B JS I /K i p R A DGR R N AQPs iy BRI U 15 400 g A MR IfL
PWANAK S BABIE R . AQPA T 3RIA T i J Bl () R T R 4 & 2 U, i
T IS8 I3 240 L i ok L 385 R /K 2 AR A R AR O o AQP4 JE DRI R /)N B A
Je i K AR P ), DR A ) AQP4 THRE AT MR AR MK B (K 25 ) R HE A B
ik AQP4 & &L T iE L] VRAC (volume-regulated anion channels, 2587514 [
B TEIED, /D B VRACS B 40 AR A 2R I R FERM & R4 E UYL S48,
AQP4 [ R i i B2 TR B o A0 P i A% A0 IR S5 IR 28 T B, W AQP4 AT el 112 B i R T
o
22,6 ERRAARBERHELEFREFREBRHGAREESE

B R4 T B EPO Cerythropoietin, {E4L4NfAER K ). VEGF (vascular
endothelia growth factor, L& N KA H T ). GDNF (glial cell-derived neurotrophic
factor, JRIAHMIRIEMIL E TR 1) SEMAEFRE T, B GIILGE #2558
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T2 b R ThEER Z HI1E - EPO A& OGD!', &Ll ik NOP s &
RIZnBtT, X sh A B A AL BAT frar i AU 2 R4l 2 i Py EPO
R EREN, 257 EPO MRy EM .. Bl )5, HIF-1 (hypoxia induced
factor-1, RAFFHT) FREELFEMMmEE VEGFY, wgmsin'™, i
o1 || =y r AR 11 el RY RN B 2R 2o o0 | A = o7 | N == A4 i il v RN it
ORI ATP, ATP #ALNRRTEE, FHEEIM AR ERY,

Early-Neuroprotective

C) Adenosine

-
.
o

A)Glu i EGF,

o
o
......
.....

F)Thrombospondin

Enhanced
Synaptic
D) EPO Plasticity

Reduced neuronal 'K Neuroprotective
Plasticity
Late-Inhibit recovery K Late- Neurorestorative & Angiogenesis

K2 BEEK /\?Elﬂﬂﬁﬂﬁlfﬁmiéﬁﬁfnﬁﬁ%ﬂﬁ?ﬁ*ﬁ?ﬁﬁ%fﬁ)ﬂ o
Yanxin Zhao, David A. Rempe. Neurotherapeutics. 2010, 7: 439-451.

3NDRG2 £ IIgE R & ARG & m P a{E
3.1 NDRG2 H) 451 53 4 16 4
ANDRG23: K 2 T 145 Yetifhql 1.1-11.2, 3575 N2121bp, FRES371ME
HRRIEAM, 75 N40.7kD, A ou/B/KAERMIIHEALSEHE" . NDRG2AH %
AMNERRAAT 25 : Thr330. Ser332FIThr3487E B #ENLANML R4 I, = # I #SGK1
(serum/glucocorticoid-induced kinase 1, /4 57 i =15 5 5 (I g 1) BEIRAL,
Thr348F1Ser33247 53443 5 AT Akt FTPK CORE R AL 0 161, 5 AN R AL AT A5 T330A0
T3347Ei 5 gl R IO, (% 5 L BEIR 1 ) S 1 AR AR B
Northern-blot X JINDRG2 mRNATEfiKi . B H#NL m&E, O HE. B
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IR Z o 32 K dot blot/3 HT & BINDRG2 mRNAIE & ik T Meyii i, B _E Al
SERREETE, . HAOERREE KRG R LR, GG Ry (K
B A, eSS, BRI FEEAG IR EINDRG2 mRNA '), $2/RNDRG24
Rl KF S i g G B B A G . R B I AR, NDRG2ENE iR HIAIAE J5 Rrak %
ik H Rk EEH Tl 1), ZEGHA A, NDRG2E B 5E A T4 i 5 e, 7 i o]
T2 Az
3.2 NDRG2 KD Be IR 15 R 3%
3.2.1 NDRG2 #1440 ffa 384 5, i 32 40 Ffd 43 A0 A 1=

YEN Myc PR75 25K, NDRG2 7E40 A58 « /AT T Rk 5 B ZE A . NDRG2
Ao 2 35 T {40 A 15 B AE A 2 24 0 GV B s BTN, 3k 4 ) 4 i R 0 AR 1
E-Cdk2U I AT R (2B T MBI MG T . 54N, NDRG2 A& p53 FIHEFE A3
%5 p53 {5 5B A SRR T T BT S 1R L2 R PR 4L SR 4T  &R AG 3
NDRG2 ik N, aiftanper! ™. sidfme! ™. Eammt™. Bl AL
7712, NDRG2 & &5 8 40 R oy 1 2 AR SCHTS 18, 3 563k NDRG2 w] # i i 8g
AR, RZRMERIS R NDRG2 T 2 Ay e — MMl s e, ]
A IR 8 AT IR 2640 . NDRG2 it 5 80 g % A Kk e B VAR 55 1 22 2 40
WAS S IBERAH AR RS AR DIRE, 4% TCF (T cell factor, T 4HffA[5+) / LEF
(lymphoid enhancer factor, k58 KT /B-catenin (B-EEFF 2 (1155 i@ g7 1%,
ERK/ MAPK {3 58 #!"*%, LKB1 (liver kinase B1, T4/ B1)/ AMPK (AMP-activated
protein kinase, AMP ¥4 [f15E (1) {5 5@ "™, JAK (Janus kinase, Janus $4§)
/ STAT3 (signal transducers and activators of transcription 3, {5 5% S 5 FiEH T
3) /Snail 15 5@ 1%, NF-«B (nuclear factor-kB, 1P T-kB) {55 i #1510,
PI3K/Akt/ GSK3pB (glycogen synthase kinase-3(, ¥ J5 & B BEEE-3p) 15 5@k PN
1 TGF-B1 (transforming growth factor-Bl, ¥ /LAK[HF-B1) /Smad {5 5 il #457,
322NDRG2 2 5Z MBI RN Tk

NDRG2 A4 Z i i G RIE IS HX PR O IIRETANT . MEBER T FIR W
Z1/fi NDRG2 % &, NDRG2 5 Na'/K'-ATP f§ 1 V.3 A AH A FH AT {232 Na'/K'-ATP
B ThEel™ . FEMEBER B Z R, EMERIR S 4 T NDRG2 i A i 8 0]
PR M IR 23 W e Y, 6B NDRG2 2 5 M0 B8 1 5538 MUK P47 (3 15 1)
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Aeo B BRI AMENE S . 2RO F NDRG2 mRNA RIEKF T, 4T 5
A AE LR AT, i ZE KA BB S T R R T R A A i) NDRG2
RIEKF, T0BE R R K 324k (glucocorticoid receptor, GR) 1 T 71 K 3 = Ei
(mifepristone, RU486) AJPHIrIX—&gm"®", KB NDRG2 2229 57 i B & HI 1E 7]
AT, JI4h, NDRG2 i o] 4 #h By o7 e R T o T [ W ) 3 o e o s B A
YHff NDRG2 [EIEAK T, xS 28 (dihydrotestosterone, DHT, 5235 P
AR AT BRARAH F) A7 (19 NDRG2 ik, 2 B £k je Jo ik 28 At B 20t B R s i
HEE ¥ NDRG2 Fik R FEAN R 9 15 1E
3.2.3 NDRG2 %7 41 ff 57 ¥

NDRG?2 %% 3| £ Rl # AR . iR %S NDRG2 FiAaH i, i@
%] ERK1/2 15 5@ #3041 HCC C(hepatocellular carcinoma, FF4HMUME) 401228
WS, miiE T Akt 55 NDRG2 SRk im (2t B gn a7, NDRG2 i
IEBEIN 2-fi EH A B (2-deoxyglucose, 2-DG) FIERE AR TR, F B NDRG2
AN OGD AR )k 1k sz s U7, HIF-1 ZEACHHE 3% S NDRG2 Bk
T AR U, o B A, — A B )t T S NDRG2 Ris & A i
FMAVRZE B E A (oxidized low density lipoprotein, oxLDL) ] 17 5 W4 ity
NDRG2 #i% _F il & #4014 PDGF (platelet-derived growth factor, IfiL/Mi s 4 K A
). VEGF &4 K KPR 1 FP% . #1822 40IHER (chenodeoxycholic acid, CDCA)
n]ERZUA NDRG2 76 N e 40 A0 SR AR 7= I i i kB0 . 5340, 7B SEmLan
b, ik B R AT 1% S NDRG2 SN, 25185 WLAN B Y4 A <5 A (1
FiEL®,
3.3 NDRG2 EME TR MM & R G5 T MEH

FENH, NDRG2) 2 73 A6 T &AM X o Ha3% 58 XU i Z7nNDRG2 5 B2 TR I 5t 41
Hbs EYIGFAPIL AT, $E/RNDRG2F: FR AT R At 2%, S st R B
NDRG27E N N 1) 50 4 LLGFAP) 72, 5S100BHEAE S, #t— X PINDRG2E LK
JRANARIIZRIE, AR L AANDRG2 0] A — Rl 6 B 7 1 o 40 i b 25 4 20Y

T NDRG2 TEHR A RGN FEER A T RGPk e 1 oh e
T 5 HAL R R A s s HI/E A 95 . Takeichi T 58 % 3 NDRG2 &K JTE AT
B JE AR 75 B R R A BrdU (5-bromo-2'-deoxy-uridine, 5'-JR M RTF)
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PCNA (proliferating cell nuclear antigen, IFEHANMIAZHTED FHIEANAA LR, BRE4M
N FREA LR F-AlahEEH (F-actin) RIS &E; 1R/ 3 H) NDRG2 i iAW 7= A4:
T A A R MR T, 22 B3 NDRG2 A8 b 0 6 184 B 60 248 o5 0 1 TSR 1 R T i
SR AN RE! o K 2 J2 TR AR AL, 45497 X Bl NDRG2 #IE 38, R NDRG2
S DR 8 52 T 0 0 S5 R U 5 » 7% NDRG2 1] Al 78 52 I8 2 T J 55 40 P 1 24
R FESRBEERAPY . R, B sERE N ORI R BN 6- R L B
(6-hydroxydopamine, 6-OHDA) FEUHIR IR 1A /> & NDRG2 FKik, Ktk

Ay NDRG2 0] A A R SR B R R 5 4 A e e s B 20 DR, 1
5 2 (AR SR U B NDRG?2 78 S8 1 5 40 s i v 1 A

RAEEEY LA KI NDRG2 HHEMME TP RIE, A5 KI NDRG2
FIBEAEARZE 73 A RATE BN TR AT IS 55 07 T K AFA/E M - NGF #3700 PC12 41
g, NDRG2 mRNA i [] 2 KB i, {H NDRG2 8 HARHAG I 2. 24 PC12
AR e\ VS %4 NDRG2 mRNA I, 1] 75 20 fifd i 3% 1 A A= K AE AL 82 1) NDRG2
B S L A7 1E, B NDRG2 i FIE AR 1k T 41 A it RE (%), Liu L %55%
FHJRAL 248 B R R3] NDRG2 mRNA 7258 FIX SR ElI & B+ E, &
JE#IKIZH T . NDRG2 mRNA MUAEHFEATAA RS BrdU. Ki67. Nestin 553
AL, FFHATTERZ MR N E BT 412 (Purkinje cell layer, PCL) AWML Py
M FHZ BRI Z  Cinner neuroblastic layer, INB) 25%BA1IE7E /M (1A 4253 24 5
2RI 2], 15 ] NDRG2 A Besdd #1028 B A 0 i s 5 A e kA 22 7y R 5 i 42
TeoM R R AT
3.3.1 NDRG2 5 i J5i 41 i Jd

5T 4 PR RS U T MR T A A, M A B DL IR BRI B . NDRG2 Ik AR R o B
Y1 (glioblastoma, GBM) R EZ . Deng Y S5EAGMI 1 ix4121M GBM 41 i
Z NDRG2 [f5E R #3500, KL GBM ZHZURE 5 A4 il 2 o NDRG2 #5535 |4
. ¥« A\ NDRG2 cDNA J5, GBM 4iiffi & U373 1 U138 H4FHIH & B i P&,
HE—S W AP GBM ' NDRG2 KA/ 5 NDRG2 J& 3 346 £ 4 K%,
NDRG2 43 it 15 4158 14 2k A /K P ol Jse ot e 4 g A= U7 B sif R WL %
1 NDRG2 FIE /K5 5598 73 9 2 7R 96, 15 e S e 63 A A 11 2 A7k ot 2190,
W] NDRG2 A 2 fll 152 57 8 40 B 348 58 R0 34, FL3R 08748 4 T A5CA e o 988 191/ FA) A ST 0
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SRR
3.3.2 NDRG2 5 # £ BT 5w

PR IRAT M T B AL FE R /R 22 2R (Alzheimer’s disease, AD) FHMHGAR G
i (Parkinson’s disease, PD), CLNH FEMBIRMELR Z — {FHH R EREAR,
Cathy MitchelmoreZs /K FLAD & # i 1 2L HNDRG2 mRNAFI 2 [ /K V- #R B & T+ o 28
i, HEERE . /N B R R R AN e AR ), % FUE— 2648 [HAD &
G Wi R DINDRG2FR A THEARA L T, HNeuNFLE A", FIFEAEADER T, Wang
FE5 1T R AEAPP/PS 16 /N R R IINDRG2%3E B, H5GFAPI: . F4h,
APP/PS1/M i ANDRG2 1L B AT B gt 1677 AD/N B BIIAFA D) BEREAS )
g,

FAPDAI K (AL 5 ZMPTP  (1-methyl-4-phenyl-1,2,3,6-tetrahydropypridine, 1-
HRE-4-ZR - DU RE ) AbB/IN, BRI B4 WNDRG2 258 T B 5 T s &
A0 PEPDAI B 58 (cortico-basal degeneration, CBD) S 1M,
RILT B A0 WNDRG2 [R5, $2RNDRG2H 5625 T PDIF#4 IR
TS . 734k, Herskowitz JHEEFEAMIH AL % (frontotemporal lobar degeneration,
FTLD) &3 /R IINDRG2# A KPR, S /RNDRG2BIR LA 1Tt 5 1 4l
ZoARAT MEAS A B FE . MR A% 14 K (streptozotocin, STZ)¥ S 27U 05 K BRI
HMITHREFERS (diabetic cognitive dysfunction, DCD) FEE#E & rFNDRG2#E A R, X
FIGRIEHTFIRUA86I4 7 DCD T [Al I ¥ B NDR G2 F 'Y, FWINDRG2S 5 T Hi
Jii R -GRA DCDII Y, RIS ADCDIIR YT FE A
3.3.3 NDRG2 5 #I45

AT L4221, NDRG2 2 575 R (K #E I U™, v b 3 Joi 8 2 2 SO 1) R0
HA NN E AR o PriiAR 2] e RS B o ER 16 A 400 27 RS 2 A I AE
W, A B A TUIIAR AT AT XNDRG2FRIA P2 4= 50 . Takahashi K253 845
5T R ABKEE (imipramine, =IFRPUHARZG) FaEHiAR (sertraline, WeEiES-#2
0 Jl P B35, selective serotonin reuptake inhibitor, SSRI), & Hi A fAF 2 i
NDRG2 mRNAFIEE F/K-F356 it T B . AR, 5 BRI IT (electroconvulsive
treatment, ECT) A 1%/ [X FYNDRG231L F . fE# A HINDRG2] g 5Tl
TRIT 51 A2 0 AT BB S R R 5GP, SR, Araya-Callis CEF IR 7873 3
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TAFEREE R AT BUENE OB 2 BA] T i SNDRG2 & &, 1M PH Ak =2
(citalopram, [FIFFZ2SSRD FEARRAEILEIE. 1B16MH S, PUBKE =AW EiFFEN

PR BUINDRG2/K P, Jx e 28 JL 35 BINDRG2/EHAR HH (/R FATS S B #3875 34T
SR NI A] SE BT TT o

£i LPiR, NDRG2s2— e i il 42 52 Gt 12 Rk T BRI s 40 i 1 2 K]
NDRG25 2 BRI SN AL VIR, S 54018 . AD. PD. #Ifi<5%
FRBIE AR B AR . [ NDRG2EFH LS R G DI BEANFE AR 250 v B ) B C AT

T, EIE S RIFA S EEM BT E, DI 54k 2 e K
W EL T REAAE A LA o
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IF 3

F—3y LRAEALESS b /FEE
NDRG2 % A 8% "m

1

1.1 LX)

SPF (specific pathogen free) 2R/ Sprague-Dawley (SD) Kfi, 8~12 ik,
PREE 280~320g; Hi4E SD KR, 1~3 H#b, ¥WH I ZEE KELB o fdt.
gastipiky/ B raiibe i A ENVSyNC M nemik /L (e e ARl P a2 - GE A AU

REEB Y SR VE AT

1.2 SEX{YEF
JRIFE AL HA Acoma A ]
SRR S AR 53 BT A fuf = Phillips A 7], MP-60 %!
PO 2238 88 L DA ¥ #t Perimed AB A 7], PeriFlux 5000 %Y
EYMERF ARG P R AR

LR AR S E 2 2 D RE X
DR A

% [H Spacelab 2 ]
RYNEGREE A =]

i E TR A T

i ) S R 415 Leica /A ]

200 H 4H g R ERHA R A
CO, Al i 5 IR 46 % [E Forma Scientific /A 7]
{5 B 22 BB H A% Nikon 2 ]

ERER 7S BB, HQ45 1Y
4 iy & A ¢ [# Billups-Rothenberg A Al



FoFEXFHETFHEAL

2% [E Beckman ‘A &)
% [H Bio-Rad A 7]

il i B Lo L
B LK S B iR AR G

1.3

SR % 58 & PCR X % [H Bio-Rad ~AH], Bio-Rad iQ5 !
BB AZRAX % [H Bio-Rad 2

AR A 5% [ Bio-Rad A7, Model 550 %14
AL a1y [ Thermo 2 7]

PR HA Olympus A", BX51 A

FAIETE AL T A 1% Eppendorf A ]

e e 8T UK R e WIZRHTHEEEST 25 7], HINVA3260 B
pH it Bt Mettler A &)

Akl % [H ELGA A ]

il UKL HA=FRTARAR, SIM-F123 &
T F LR

PN % [ TED-Pella A 7]

DAL 5% [ Eastman Kodak 22 7], Kodak DC240 %
Adobe Photoshop CS5 % [E Adobe Systems A H]

Image J 2 [H NIH

SPSS 13.0 5% [ SPSS A F]

75cm’” 4l ks IR % Corning 7~ #]

6cm 2 % 77 ML % Corning 7~ #]

96 FLAHNMIBE FRR % Corning 7~ #]

24 FLAH B IR % Corning 7~ #]

3-0 Je etk H 4% ETHICON A #]

5-0 45 FH 22 2 H 4% ETHICON 7 #]

7-0 &5 FH 22 2 H 4% ETHICON A #]

2 7]
PVDF Ji

F15 NUNC A 7]
% [H Millipore 2 7]
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1.4 S2I8 i 5

DAPI % [H Sigma-Aldrich A 7]

DEPC % [H Sigma-Aldrich A ]

DMSO % [E Sigma-Aldrich 2 ]

MTT % [E Sigma-Aldrich 2 F]

PMSF rp [E 28 25 RN ]

TTC % [# Sigma-Aldrich 2\

KR 2% [H Sigma-Aldrich A ]

I3 B BL 22 4 %[ Sigma-Aldrich 2\ 7]
IR ERR R A F]

LHEkE % [E Baxter /A H]

Lipofectamine 2000 2% [# Life Technologies A ]

DMEM 575 4L £ [H Life Technologies A ]

0.25% [R5 A <[ Life Technologies A ]
ERElIRE] [ Life Technologies 2 ]
%2 Rz IR 2 [# Sigma-Aldrich 2 7]

Western /¢ IP F] RIPA 24K W E R KA

o B0 77 Hi-I: Roche A 7]

SxHH B MR FEERAT

T4 1 Marker 3P %8 Fermentas A ]

HRP .7 KGR % [H Millipore A ]

Trizol 24 <[ Life Technologies A ]
ITESNIIN FEERAT

%51 NDRG2 $i /& J5[F Abcam 2 ]

/NPT GFAP Pifh YL[E Abcam A )

%41 cleaved Caspase-3 Lk H[E Abcam 2 7]

TPt Caspase-3 PLik #:[H Abcam 2\ F

/INERPT B-actin PLAA 2% [# Santa Cruz 2 &)
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2

Alexa Fluor 488 fric Ll =419 IgG 32 Life Technologies 2 Fl
Alexa Fluor 594 #ridithiZE$di/MR 3£ Life Technologies 2 Fl
IgG

HRP Fric th PR IgG %[ Pierce A F]

HRP #ric th =51/ R 1gG =% [H Pierce 2\ )
PrimeScript' ™ RT reagent Kit Ki% TaKaRa ‘A ]
SYBR Premix Ex Taq"™ Il Ki% TaKaRa A 7]
TUNEL #3711 & Hti =+ Roche 7~ ]

BCA HFHHE R & FiEEm R AT
SDS-PAGE it B Fic il 12075 & F#E R A
W B o S IR B & %[ Pierce A Fl

LDH a5 & A R AR AR A A
7E

2.1 EREEKRRARESR

1)
2)

3)
4)

S)

6)

7)

8)

9

A 1~3 REGHTE SD KB, RIEA 75%IA51H 5

FELR R B IR i & P Wk, BT REA TS ) DMEM (Dulbecco’s modified
Eagle’s medium, AL/RAARIS RS REEFRIE) G FRFERGEE TR

FERRR S N R, 48 RN IE & T 74 DMEM #59:Jk

BN AT 200 ) B8 K G 3R T A RN L 2 AN, S R BT AN AR A
DMEM i #5515 SR M

R P 22 A2 (3G 7R 5 557, FH IR BHE 78 7 BYRE 20 25 HE 11 je 2 4 41

MNIE & 0.25%E 5 FIBEE AR, A3 7248 TH AL 15min;

THAER )G, 2 SRS B AL 2, eR8 /A & 20%J16 4 LV (fetal bovine
serum, FBS) [ DMEM EifREL B H & 0 EH, BREERAIEHAL:

W 2B A B Z LR N T — B & 20% FBS ) DMEM 55 77 5 1 J6 1A 125 0
i, R WRIT A R

i E Smin, FEARTEAHLSTINE R, K b2 4 AR 22 1 4t H g M (200
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) N — R R FRILA

10) K20 2% B 2 20% FBS ] DMEM £ 72 523 YRI5, Bemh A\ T2t F 2 Sl
BRALPE ) 7Sem® BEFRIMA (£ 2~3 HUBiE SD KRN Z4LinT #efh— D,
PUE;FRFETHRE TR (37°C, 5%CO,, 90%AH N HE )

11) & 3 K—VCEE#H S 10%FBS [ DMEM 5753, £ 10~14 R4UK s,
7E 37°C fHIRFEIR _E L 200~220rpm I BEHREE 14~ 16 /N, 25 /I8 2 o 240 it A
WENIE i

12) A4, 5 1R 200 M 42 J 2 S0 T2 R DUOE 4% JiE e o 5 9% ML BB R A

22 ERIRTALE
1D FEfk:
A 3~4 JUSD KEUBRNZEE N GEBEEMR S, 50 x 40 x 30 em®, 25 1S,
EIEMHAEE)
B AREHLE S SIME 1L/min, CHEGTIKE 2.0%, RS EEENEEHHEN,
HAE TE R A BTG B HE AR A IR
C R BRI IEIL 2.0% 0, JHIGTHR,
D TkLEE 1 /NEE, SRMI-EREE, AUREGTIREREZE 0. KEUSEER, SCHI%
o B R BUBURNBUGE, SEAFEAT T — SR,

2) Bk
A AR IR LS RO A B AN, #E VBRI, AR
AR I3 A

B REFNLERE 95% FR/5%CO, [, WEIME 1L/min, CHEEIKRE 2.0%,
R E NN

C #A4 Smin, FFHEHAP-LEGIREIS 2.0% K, kMBS, Rk
E,

D BFEMTEIAN 37°CAEIRA, T 1 /NN B A A AR AT N P S

}

23 KRB mES —MCAO
1) SD K OREIZEE 12 /08, B HERK) BEIEES 40mg/kg [ E L Z8ApREE, BY
TS Jle 8 22 i 22 11 K o 3h Bk 355 Ak (Bregma A5G 1mm, 2655 TF 4mm), 7
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2)

3)
4)

)
6)
7)

8)

9

2.4
D

2)
3)

4)

2.5

TR 7 P80 2 3 59 AT e AR Sk

K BRAEMZ [ 7€ T 37°C 1Ak L, VHEEIFBIIT S T B ik, 70 8 AL AR i e
BEAMBUL . B4, SN BIRK;

W a5 FLAUE . FANBNINK, SR Lo i FE T I 3 XA H4R 4 H

TESR BN K EE M8 7> X4 4mm 4bBY—/N1, K Je B2k (3-0) Bl i i 4
NFAN B fik;

RS, TN ZIBKIEAZ 18mm, AR BT (1AL, MUBA LI 1L
RIS B KA O ) 222, AR LA B E

SEG PR, KRB EMNRA A, B IR EEAER B fREF 37£1°C;

Bl 120min &, BEMHRLE LI OMSEILL, BTN LRIk, KN
) kR B R

TR I A A8 P VR 2 5 90 L0 S 0 A i e 0 ik A L A7 N e i
TOSRIERIE, N ZoAe 5 I L AL R Al 30% LAT, ki ke fa I I ym vk 2
2 EEAME 80% LA AL IE B T o

FEREZEFAEMKRME OGD =2

20 355 7 ML BB AR P B 7R B4 O O R G L DMEM,  ONAHRIE & he N, ik
B 95%No/5% COIRG S,  HAE R RIE AR 73 A
BESARERE [L/min, HEEFEHEANEEHN;

AL Smin, FrHFHAPEAIRBERE SR 2% LU TR, SRk AE, BB

R

A AN 37°C fHIRAS, THI 4h JEIBCH AN #5102 FBS #91E% DMEM
FrIE, GREEEEFRAG D

KB EITARFEEMH
JRRIFE 5 AR Je R K B R ] B, OB FREVE 24 /DI, B — AN T s 4l

TSI M 8L 4T Garcia ¥F4), W FRR:
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#+ 1 Garcia F53- 5 (NDS $£4)

54y
Mk 0 1 2 3
H F 5 E) THEES  JUFARRES) A EEES), W WESEE s E
C B W E 3 REIRIE 1~2T0 B8 3~4 T
3min)
VU iz Bl 5 Bk MR TS MR RAIE S0 A IS shmg XU s %t Fr iz
&) &) ASXHER Z)
A 32 3o Bk AT ECIE AT B RE R U AT IR B R U R AR i
(BB AT 3h. Tikeef sz 1 J A X R SIS
T L) J&
20 A5 e Jo M B e BRI
(ERLER) 55
IR Tl At 52 i 2 A0 ST T6 G A A O K e U R S
S IRz 5
F 281 N FEMIBAZTCSSE e O Al 20052 Lo LA e R Jz o
55

T VP bR UE R AR 3 0, B iRy 18 4y, 19 iR R S I & T ek T,
1 ARG Sh P R 22 Th RE 0k ™ B . e P DY A6 D 0 sh P 132 3 Dy e
JE IR ZSHVI I TIRE . 12~18 0 ARIEMAETIRERRRT, 8~11 0 A EME

THRERRRS, 3~7 7> NE LIRS

2.6 GRIEHESE R IME

1) FHEE 24 /N IFRHMTHEAT NS R, T KEIRIEES R E 28 (60~

80mg/kg) R, WSk HUK;
2) B A BRI TE-20°C UKFE TR 10min A2 47, FRON K RIS,

3) HATITE, BOLIREII I VIR 2mm JFEW R, 55 2 st 6 fr il i

2%TTC BT, 37°C 4efh 15~30min;

4) A RAESE X YL S LU, BN BN 4% 2 BB, 4°C A€
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24 /N

5) [ 4 i A B AE SR e A BRI E HES I, A EGES AL (Kodak DC240) A

iR

6) M ATHEN, o — AT 4G W E H B AL B A (Adobe

Photoshop CS5) THEMHIEAR (A XBONARMILIX, KEEK A GOX VI
FEIXD 5 iR/ BRI~ i 7K Fifx 25 SRR, 43 ol ok B 7 000 >4 Mo 5 TR AR A A
I AAEZEX SR, AT LAZ R 2mm 43 5] Ay 70 00 2 o 28 AR A 0] - o A 2
X Z5A, BAEAFE o b= o2 1E 5 2 4 2540 — A 2 i AR AR X 25 R
/AN i T 2 2R R R 10096

2.7 4HRER M E —MTT iR 38
1) SR IETRRANLL 1104 FLER % 96 FUIR, 24 N R BT . L

ST TIAREE L AU R S5k 8

2) BGK AR AW R, AL R IR, AN 0.5mg/mL MTT [ 3-

(4,5-dimethyl-2-thiazolyl) -2,5-diphenyl-2-H-tetrazolium bromide, 3- (4, 5-—_H
FLWEMe-2) -2, 5-TIOREEPURMEREh ] BOREIRIE, KLRIETR 4 /N

3) &ibBREFR, WFFLNWAE, Ii 100uL DMSO (dimethyl sulphoxide — F 3V AH)

4L, ERER EAREIRY; 3~5min J&, (ERPR_ENE 490nm LLHIBOLE, BLE
WX Y 100%, THEANF AL PRALH A S 7).

2.8 4pE SN E — LDH B i

)

W SEAN R Ab B 15 7R R T 4R ) _EVSVRE AR, 4% LDH BGT& (i, ®
TR FrT I AE 96 FLBHFCH S N AR &, W1 R R s
R 2 LDH B30 6 S B2 v e ) i B

= HAL e AL e £L xR AL
7&K (pL) 25 5 - 5
0.2mmol/L FreEH (L) - 20
FFINEEA (uL) - - 20 20
HE o1 5% M 25 25 25 25

2) ZERRIR EIRIE 1~2min JR%), 37°C W& 15min;
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3)
4)
)

REFLIIN 2,4- AR 25 pL, EHREIRIRPEIRZS], 37°C W& 15min;

FEALIIA 0.4mol/L NaOH ¥A¥E 250 uL, J2%5), =¥ H Smin;

BEAR G 5E 450nm AL WO TE , BLARAESL Y 100% , TR AN R 402 ZH 40 i i) LDH
RETRE L o

29 REBRALRE
FEAk -

1)

2)

3)

4)
)

6)

7)

il A S D) A

A TR 24h, BERSVEN 40mg/ke SR LLZEARRIE KRR, B2 THEE A

B BRI, FERONE, BEFEHORIEN, S 0= FAFESNKE R I
B

C B4 OE, FIHFRRAREm I, Al A T4 R B 2E /K 2) 250mL;

D A KSR, RIE TR 4% 2 RHEE, SEMEZ 100mL, 1.5~2h
W ZE 12732 150mL;

E [EES5 0B, ERTH IS 6mm Ak, FER T IEL 4mm 5622,
BT 30% kGBI, A2 HRIEEH & | pm B .

R AT B RN 2 [10mine 2 [[Smin. /KRS [Smin. 6

AKIPEAE 115min. 95 %G 3min. 90 %1% g 2min. 85% 1k Imin. 75% k5 1min.

ZRI/K 1min LS 27K, PBS ME¥E Sminx3 K%;

PUEEE: BUIAET 0.0IM FrERREE gl (pH=6.0) 1, RomiaEi

TS 10min, {5 1EIN#E (I BSR4 H1 2 500,

B PUEEE)SE PBS YA Sminx3 K, EINE MG =5 E A 1h;

—PUIRAS : R REAMIE, BEBAEMG R RS i —$T (Sabi NDRG2, 1:200;

/NPT GFAP, 1:500) 4°Cid#x;

TPUARAS: FFR—PU, PBS VL Sminx3 WK, IR G 1 Z$T (Alexa Fluor 488

Fric il 3% IgG, 1: 400; Alexa Fluor 594 Fric Ll /N IgG, 1: 400), =

IREEEIE E 2h;

Yot EBR TP, BEEMINFF G DAPIL (diamidino-phenyl-indole, —fpk3E4

FEmIE) e (1: 10000, =EBEEIFE 15min;
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8) HfH: FF%: DAPI i, PBS YL Sminx3 X, F 50% HimE F, RAECEME T
M EZH 577 NDRG2 FIE T«
B
1) AR
A 10mm ERBEJEPTRIENKRER PR, BXRKmETi$E, BETIK
PRI, £ TR 5 & R
B JHIJEMBAIRIEA 0.1mg/mL 2 FEA R A4 5~ 10min, HUH JE7E
%
C FHERLFIB R TBON 24 FURRAL, BEFLEERD 10° A B TRRR AN, e 24~
48h FF AT M B R 4B AT AR [R) S 06 A B
D S EHE 24h, W3 24 AL ARG FREE, FITIIA PBS VEHE 3 Ik, A 4% £ %
FE 2 iR T B € 15min;
E WFHEE, H PBS 6L 3 Ik, FIMAESR PBS BIEH T, 4°C fRA7.
2) EBEACHE: UM B RE 24 FLAR A, N 0.3 % Triton X-100 ik 4k
i 15min;
3) MiEE M. —PiA. P DAPL §ets. HihE F F R A ST .

2.10 & H % & EPiEi—Western blot
1) EEER:
A BRIEREATH IO . B 24h, KBRSk, BUN, BMFTHRA S 6mm 4b
A R EYIE 4mm BN, Rz A R L 2mm ALY — T, T E
SRR JE AL R 10 U805 Y] — TR A 2, a0 BlaoR:

B ECHIEE AR I RIPA AR, IMAEABHIEIF (Roche), 1%
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2)

3)

4)

100: 1 FJELBIINA 100mM [ PMSF (phenylmethyl sulfonylfluoride, 7K H &
MR ALY VRS, e i 2R TR

C HLSHK: W PHE i RS JE N T I ST A8 N, DN TR il e 1) 2 1 2
il (B 100mg 202U 700uL), WK EXTHATE A1, SEaH 2
R 1.5mL B0 N;

D Al Z13 4°CF 12000rpm 250 20min, %8 LiEW, B SuL #E4T R
HE R, HRE A sxB& A LMD Smin, 12000rpm 250
Smin, 4% Western blot £ fi;

E &40 E AR, FERARIANMES TR, A PBS vhik 3 1K, 444l
H S FEANRE TR AR NI IE 8 A 2R, UK E24# 10min, 40| 7]
K 2= E R E B OB N, 5 S AR

o E

A XM BCA HAmEERMEHITEE, |k PBS KEAMEN BSA
(2mg/mL) BB RNARFEWE (2. 1. 0.5, 0.25. 0.125. 0.0625. 0 mg/mL)
PRAER (R38R 20ul), FEIBUF NN 96 FLAR Hh;

B H PBS KAl 8 FAE SRR 20 %, %X 20ul AN 96 FLAR T, FREAMFEAL K
3INEAL;

C KRFENM A VR B Wid% 50: 1 BILLBIRAT, TN B 8 A bR a iy

TR ARES AL (200uL/9L), FFAERRR LIRS,

37°CHFE 30min, FEARIX AT 562nm AL TR GAA;

CURN & B AR MR IR E, 45 B RO E 2] HE Fm v it 28,

F bR e i 22 h 5% B I RE S IR, IR IE B IR BT R

SR

A i SDS-PAGE #EI%: 70 BRI 12%, AT 5%

B L WRIEEAEESR, G EFE opg, HI—FLIA SuL HEE TG
Marker;

C mK: WRARHEIKEEN 100V, B2 15~20min, 7 &KHEE 120V, B
P [E] 45~60min;

FeM: HVKAEHE, ¥4 SDS-PAGE Ui I O B8 AR R AL I 7 iR &2

=5 <> I -
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PVDF i I, HJE 100V, %57 90min;

5) B BERESHR)E, R GE Marker #4E H 1928 A 4> 18X PVDF T35,
RN TBST Bl 5% AR RS (W/V) i s i 1h;

6) —PiARA: HMLEHIE, H TBST BB EV MR RGN, INAH TBST #
BRI —40 (Pt NDRG2, 1: 2000;/MR BT B-actin, 1: 1000), 4°Cit7;

7y HIAAC: B KEUH PVDF B, TBST %% Sminx3 K, M TBST Fikkf)—
Pt (HRP Fric 3% 1gG, 1: 5000; HRP Fxic 2P0/ R 1gG, 1: 5000), =
IR E 1h;

8) WiY: TBST F¥k Sminx3 RBE L ARG I, K PVDF JRJSCE 1E R BAURR
b, A& SE HRP RJGIRY), AR, IR A BB
(Image J) XJ 45 AT EAE 4

2.11 B8 E 8 PCR (Real-time PCR)
1) & RNA $2HL:
A KRB I - I 7 2H 2L EUR [F) Western blot;
B i lmEan AR S BN TSE A DEPC (diethyl pyrocarbonate, . Z. 3% AL
fi) KEBERLRIEI A, NN ImL Trizol Z#¥, VK LI SIREFA WHUIR
M, vk B4R 10min J5, KIS E EP &
C A 0.2mL S RNA, JIZIfEY 30s, HIEFHE Smin, 4°C. 12000rpm
20 15min, 7] WWEESH SN 3 ;S
D #F FE/KMEHN EP &b (4 400ul), IIAZEESFNEEUE RNA, JH
FIE 30s, ERFE Smin, 4°C. 12000rpm &0 10min, A WEEA /D E
HEYTIE;
E 7 LiE, AN ImL75% &0 RNA, JRiiEZE ¥ 30s, 4°C. 10000rpm &>
Smin, A JLE RS EEHT H B B UTTE;
F 3 Ei&, 840 EP &, =IRTH 20~30min, £F A ATTIER N TG 0I5 B IS AL
JRRES, N 20uL RNase-Free 7K, 55°C7Ki# 10min fEJTHE M, HL 2ul &
e, HAh—80CHRAT;
G I RNA I, FFEEAGEIES IR, H A PBS rhik 3 Ik, 12 R4
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SR IR A B/ MINNE R Trizol, UK ZLA# 10min, FHZHHH| T)K 2407
FEEN R IR B LA, SEER A [ S
2) RNA 5Ef: 2uL RNA #f 4 H RNase-Free /KR ZE 100pL, B kR o FH 20
JEEETHS 7 7€ 260nm A1 280nm HIWROGAE, OD260/0D280 7 1.8~2.0 [ 5 H]
RNA FE 20 EEAL R, FRARYE OD260 T SLRE ik i ;
3) cDNA &J: {#/f] Takara /A ] PrimeScript ™ RT reagent Kit AT [ % 5% 52 b & ik

cDNA, 4 Ui BB AE VK e i) s AR &R A0 F
2 3 PrimeScript™ RT reagent Kit [ N ¥ Bt #1] 1% B3

el E2p s & (ul) PR
5xPrimeScript Buffer 2 1x
PrimeScript RT Enzyme Mix | 0.5 25 pM
Oligo dT Primer (50uM) 0.5 50 pM
Total RNA (0.5~22ug) 2 0.05~0.2ug/pL
RNase Free ddH,O 5
Total 10

T 1l 58 B S B TN PCR AN, SRR RCE TR : 37°C, 15min—857C,
15sec—4°C, MSERUE, Fil—20CIRIE;
4) Real-time PCR: {#iJf] Takara /A & SYBR Premix Ex Taq™ ll(Perfect Real Time) i

AT S 2t € & PCR, MRS Ud W1 - e il S A& R A T
# 4 SYBR Premix Ex Taq™ ll(Perfect Real Time) Kit 5 /3 ik fic il i B

Gl RN fiHE (uo ZIRE
SYBR Premix Ex Tag"™ (2x) 12.5 1x
PCR Forward Primer (10uM) 1 0.4uM
PCR Reverse Primer (10uM) 1 0.4uM
c¢cDNA (50~100ng) 2
ddH,O 8.5
Total 25

Bol 5E A PCR & (BEMEM e 3 NMEFL) BN Real-time PCR X H, N2k
PREEWT:
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A PHEHZ: 95°C, 30sec—95°C, S5sec—60°C, 30sec—72°C, 30sec, 40 &
W, MR BOHAT R OGE T IR,

B GREHIZ: 60~95 CHRIEHIR KR TR 0.5°C, 4EHF 30sec, KERNET,
71 AER

ft: FrfEF PCR 5| ¥ %)

K a2l
NDRG2 Forward 5’-AACTTTGAGCGAGGTGGTGAGA-3’
DNRG2 Reverse 5’-ATTCCACCACGGCATCTTCA-3’
B-actin Forward 5’-TTGCTGACAGGATGCAGAAGG-3’
B-actin Reverse 5’-ATTGGTGGCTCTATCCTGGC-3’

212 GitFATE

Fifg se R 20 3 K. SKH SPSS 13.0 #7422 0. BRMEAT N2EVRIr 45
AL, Hoth B B 25 R B e iR RoR , BRI 307 200 M B IR 22 5%, Tukey
post hoc Fa %6 BEAT P W LU L, MREAT AR A A DU A B e B ] o,
Kruskal-Wallis 656 b8 2H /8] % 5, Bonferroni % 1E 1 Mann-Whitney U £ 46 3347 7 7
H#. P<0.05 AH ST 2R Lo

3 SEWitXIMsr4E

3.1 I6E £ G T Ak B X A ik L A5 R M F1 4R BE OGD 15 45 B 4R 3P 4E FH

30 REEME SD OKERBENL A=, Rk MERE i F#ER4H (MCAO), ASA+
JE PR R I PR E AL (Vehicle+MCAO) FI-GH KT + R kb PR ik if, FE98E V4 (Sevo
+MCAO). Vehicle+MCAO Fll Sevo--MCAO 7 I NS5k 2% Bk 1h, (A6
2h #£47 MCAO. #Rifl 2h JEk i, T P 24h AR Garcia FRHEXS K A4 T)
REHEAT VP9, VRO G AbBEENY), WiskBURAT TTC Jetait BB AL AR E 7 %

JEARKE IR B T A RN 96 FLBR, BEWLZ NPUZH, X2 (Control), OGD
H, HA+O0GD A (Vehicle+0GD), t#bi+OGD 4 (Sevo+0OGD), 4 8 fL.
Vehicle+0GD Hl Sevo+O0OGD 440 HlEA 5% CO, HRASE S 2% LN 5% CO,
VAR 1h, RS 2h 300 M7 oA R 77 5T OGD. OGD 4h WK &8s, THASN
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24h W HLZH M 35 WO LDH BERCR, R MTT 45 B S 96 46 0 20 B v /7

32 MBLERFALE kM BEERGFME OGD #1455 2 F K Bk 40 A
RN L% NDRG2 REMSFHHIR

64 WEME SD KERBENL DU, RTARLL (Sham), Jeykk skl /5 7 E A

(MCAQ), @S+ Rtk i fF#EEL4 (Vehicle+MCAO) F-L3UGE + Ja kb1 fixi

B 4L (Sevo+MCAO). Vehicle+MCAO Fl Sevo+MCAO 43 HilR N A A 5K
2%-tHkE 1h, G 2h 34T MCAO; Sham 41HHT FAREARIHALERE, HRIL 2h 5K
H A, T FREN: 24h 40 6 R EUY % 7 4 24 3E 1T Real-Time PCR £7ill NDRG2 mRNA
T, 6 HECESH LT Western blot K2l GFAP fll NDRG2 & &, 4
WOREVEE € A W) v Ja BEAT S0 0% 58 0t Gt 0L S i I~ I iy X2 TR S o 4 R T A 2
A DA & NDRG2 I8 R 20 B 43 AT 550 o

JEARES I T R AN o RN 2 6em 40 M35 7% LRI B e L I 35 17, BEHL >
NPUAH, XHEZH (Control), OGD 41, F/+OGD 4 (Vehicle+OGD), LR+
OGD 4 (Sevo+0OGD). Vehicle+OGD A Vehicle+OGD H 73l 5%CO, &
TELE 2% BB 5% CO, TR AT 1h, (8B 2h #7075 Jo b 55 77 543847 OGD . OGD
4h JE KRB ERE, T A NE 24h SRV AL RNA FIEE 5T, 43 AT Real-Time PCR
1 Western blot fill NDRG2 mRNA EIA/KF (n=6) MEAKEE (n=6), 4
€ Fr [ 5 J5 AT S 98 e Yt M %2 NDRG2 KIEFI 3 At (n=4).

4 R

4.1 £ ST T AL BE AL 42 K R JS k1 ik R I #5349
LK B, MCAO A58, FEEYE 24h, M4l Garcia SRAEXT K BRAHE DI REREAT VR
25 IR MCAO Ja KA DIREVE 7 W5 PR, ARRNA S ARGt 2 7% =
(7.0 [6.5~8.5]), Tf-Lo ke TAL B AT o538 &1 L J5 # & D RE (12.75 [11.38~13.50],
P<0.05, & 3); TTC it BMRAEAE AR, KIL MCAO Ja KB A H B B i e AL,
AN FESE AR 7> 22T W 3E AR (48.348.9%), 1T 45 T L Ja ot TRUAL 24U 4
A A AR PR 25 25.7+£5.7% (P<0.05, & 4).
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Neurological behaviour scores

20-
184
. *
16 x
14
124 !
104 A L]
A
8{ ¢ SR
= ;
6- _—— _4‘._
o"'o c}"o o"o
A\ N R
'\c}o 0‘0
& ®

B 3. LR EX BEE 24h KRHLTEE Garcia TE HIEH (n=10).

*P<(.05 vs Vehicle+MCAO. MCAQO, K+ 2h ik BE FH ;

MCAO

Vehicle+
MCAO

Sevo+
MCAO

80

60

SeVO’ ’bﬁiﬁ%ﬁ%ﬁ o

40+

Infarct volume
(% of contralateral hemisphere)

204

B 4. CEbEHC R HHEE 240 KRMBEFEEFRKEH (0=10). ZENKRE
MEPERN BRI S EAE TTC et fCRIERIG, A EDN TS AN LA AR 1T 70 5 K48

g R, *P<0.05 vs Vehicle+MCAO. MCAO, K zhiikBE A ;

Sevo, LT
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AbH

42 tRAEFMLEBRREREFEKRMAME OGD #Hith
HBOFAE SD KR ZE R 7R FARE TR R4,  #E4T OGD HE4U 24 v ik 1f 73 v
#7157, OGD 4h, B4 24h J5HUR: % EIGER AN LDH BJicE, &I OGD faH57% Lig
W+ LDH & & RE EFb, A 5% CO, R G ARXT LDH B & 1) 7= A B 2 52 i
(62.5+6.2% ), Lt WAL EE ] #1H] OGD 51 2] LDH B 53 f11(32.5+4.0% , P<0.05,
5) 5 FIAH MTT iREAT AN ATE 71, K OGD 7] . 3% PEAREE FR 40T MTT 5%
W&, A 5%CO REIAMTE /I TCH RS (45.243.5%), -LHibe Tk 2 0 m]

O SEYR g F, hNE TR T MTT [FEEE (78.5+4.0%, P<0.05, & 6).
801

) T
8 g 60'
0 =
o8
e E 40- *
T ©
9 £
S 20-
i
0 L) T
AN
s o O O
¢) \é@ 40

RCY
B 5 tHEEFAHENEE 24h EREFEKFESE LDH BEERKEZM (n=8).
*P<0.05 vs Vehicle+ MCAO. LDH, FLERFEM; OGD, EHMERIZF; Sevo, LHbeikt

H,
120-

1001 —

80+
60+

40+

Cell viability (%)

204
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e tEREFMAENER 240 FREFEKFEAM MTT JHEKEHE (n=8).
*P<(0.05 vs Vehicle+MCAO. MTT, 3- (4, 5-HIREBEMED) -2, 5- R FLPUE MR
i, AMBERE; OGD, SAFERIZF; Sevo, LHUETIALHEL,

AR

43 EREFLEREAXR MCAO ERMERETEMKRMAMRK MR E

ENRE, MCAO #8, PR 24h JEAT I EAARE D) F, AR S e 2t 4 tubrid
GFAP, WLEHk M-I 7 BT A 4 M S 4 25 R R : MCAO ZH K B Bk If - I
i X GFAP FHYEA A i, e il Bignm, HE R0 40 M T2 Hh I AR A oo
FARRE R, SR L . SR, LR TRAR B 4L B i 2 547 X GFAP 73R & B TR
JRANTE &2 MUR B MCAO Ak (B 7). i — 5 B mE S e E (5
Western blot #:l] GFAP 2 (HFIA/K T, MCAO 41 GFAP FIAFH SN, Mi-Lathe s
TH I (1358021 % vs2.05£0.23 %, P<0.05, K 8).

Sham

B 7. BEGETALE S B 24h KRR BR I e WS Hr X TR R 40 B S 7 Pk 4 A= 1Y
B (8% XAN GFAP f3i2). Fr/X=40um. MCAO, KW ahfkFHIi]; Sevo,
LR AL EE
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B-actin P P G GNP

2.5

T

]
o
Al

—
(4}
1

-
o
'

Relative optical density
(GFAP/f-actin)
o
"f'

e
o

& O O ]
%‘\0 ®0?’ é\o?’ é\o?’
\c’x x*
‘-\\O
QG

6"7‘0
B 8. L& b T AL FE N B VEVE 24h KRR BRI 2L BE T 42X GFAP S 2K (n=6).
*P<0.05 vs Vehicle+MCAO. MCAO, KiiHshfikFHi]: Sevo, -LaEUETiAbFE.

4.4 EREIETAIBIME KR MCAO FHE M 3B/ LHLA NDRG2 FRiA LA

BRE MCAO 1Y, P 24h, HUBRI PR HTZHZ 0 R EUE RNA AR 0, il
NDRG2 mRNA FIIEA#EIE/K . Real-time PCR 11 Western blot 455 57R, MCAO Ja Ak
IMERETNZHZAN NDRG2 mRNA M AR KR T e, RN S AR &
A, CHGEPARER I AT MCAO 512/ NDRG2 mRNA (2.21+0.28 fi vs 3.75+0.35
T, P<0.05, B9 FIEA (1.28+0.15 % vs 1.95+0.18 fif, P<0.05, K 10) FiE i,
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h

Relative mRNA expression
(NDRG2/B -actin)
[ Sl I I
i
-

& 9. LELEAFEXT MCAO F¥EVE 24h BRI KRS 4 4 23 NDRG2 mRNA Fik K
M (n=6). *P<0.05vs Vehicle+MCAO. MCAO, Kkt zhkfHI]; Sevo, -LHEUETIAL
.

NDRG2 | “ owemn Sm  woms

B-actin | . A aa— —

 d
o

Relative optical density
(NDRG2/p-actin)
s & 5 @ 5
._{

.-

E 10. LESEFASES MCAO FH#VE 24h Sl 2 HE 45404 NDRG2 B A EENE
M (n=6), *P<0.05vs Vehicle+MCAO. MCAO, KihzhfikPHI]; Sevo, -LHEGETH
S SE
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4.5 EHE T IRINF] KR MCAO J5HR I 3 K 4B 41 NDRG2 #4510

LR B MCAO HE2Y,  FiETE: 24h HEAT € MU IS, R S e 50 Ge tubn
1. NDRG2 H1 GFAP, J{H] DAPI #f 4e4ufitif%, W% NDRG2 fE 6k ML 5 5 2H 2L 4
HE LB DL o 45 5 K BL: NDRG2 5 GFAP J 72 2445, MCAO J& Sk I - 1% 7 [X NDRG2
Gun i 1G58, 1L AL B AT S S A PTEES (B 10 5 534h, JESRiifixZi
21N NDRG2 F B50 40 T B T o 40 B RO 4 i o 4 i 9 AR #8055 7% 0%, MCAO
JE I g X TE IR 40 9 NDRG2 #:%%, HAE4NMAZ - IR ZO6(E 5, H
CRUGE T FEAE 20 M A% 9 1) NDRG2 G RREE AR (BT 12)0 g — 20X SR i 21 v 4
AT B A5, 70 34T Western blot £l NDRG2 £ R IAE L, LI MCAO
J5 NDRG2  ALEIZ N & &R &G, -Catlbe A2 a) #5314 MCAO 312K
NDRG2 A&/ L (2.2120.29 % vs 4.30+£0.55 £, P<0.05, & 13), W%
A% MCAO HITE B3 % 5 .

MCAO

Sham MCAO Vehicle Sevo

DAPI GFAP NDRG2

Merge

B 11. LEETAES MCAO F ¥ vE 24h S I 152 35 20 21 NDRG2 5 538 7% g 4y
BRI . f5] =100 um. MCAO, KIGHZIBKEHI; Sevo, LHITHIALHE.
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MCAO
Sham MCAO Vehicle Sevo

E 12. LEEFAEI MCAO F ¥ VE 24h 5 I K B2 35 4 41 NDRG2 &£ B K R R
RN R R R AL . 22 NDRG2; 40ta: GFAP; #a: DAPIL.
FrR=20 um. MCAO, KK HakFHI]; Sevo, -LibiTiabH,

Nuclear
NDRG2 -~ A —

CYtoplasmiC| e e o sm—
NDRG2

s o o
rl

o

o - ~N
A A

Relative optical density
(nuclear NDRG2cytoplasmic NDRG2)
w

*

B 13. LEEFAES MCAO F ¥ VE 24h Sr il K B2 35 20 4 NDRG2 E E 4 Bl #E
R R IEKFHET (n=6). *P<0.05 vs Vehicle+MCAO. MCAO,
KK FE T ; Sevo, -LiRbETHALEE.
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4.6 ERITFALEINF OGD 5 EMERIEFERK KR4I NDRG2 Rik i
HUHT A= SD KUY JZ 5 7% R AR IR R 4, OGD 4h, B4 24h 4 B2 HUE RNA
FEAR, N NDRG2 mRNA FlEg [H3RIA/KF-. Real-time PCR Fl Western blot 25
FER, OGD 5 EHKFEM N NDRG2 mRNA A [ R FKiE/KFEE T, BA
5%CO, IRESHE AT B, LRk WM i 0iH OGD 5l #E i)
NDRG2 mRNA (1.82+£0.25 % vs 4.13+0.45 f%, P<0.05, P 14) F1&EH (1.25+0.19
% vs 2.10+£0.23 fi%, P<0.05, K 15) 3Rk L.

L4
1

T

»
1

w
1

N
h

1

Relative mRNA expression
(NDRG2/B -actin)

o

v

B 14. LEETAEEST OGD B4 24h B IS BRI R 40 NDRG2 mRNA £
EREM (n=6). *P<0.05vs Vehicle+0OGD. OGD, Z}E#IZ; Sevo, Libriiish
.

B-actin | «—— am— .

w
3

Relative optical density
(NDRG2/B-actin)
o - N
-

(a)
)
»,
”b/ .
(o)
% |
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B 15 LR EFAES OGD & 24h EREFZEEXKRFA MM NDRG2 EH K
FIEWEH (n=6). *P<0.05 vs Vehicle+0OGD., OGD, &FE#IZF; Sevo, L#
B AL FE o

47 tRRTLEISH OGD 5IEMERIZFFER R R NDRG2 %L

LR AR TR T4 OGD BLAL, E4 24h H4HMIC  F 4% 2 R W [ & )5
FIF S e Y fubric. NDRG2 Hil GFAP, ] DAPI 44 44 fit%, W% NDRG2 7F
JEARE: 77 BRI BT 4 i Hh ) A0 B s A1 0L o S5 R IR B s B 2R 8L, 5 0 e A
H, OGD J5 NDRG2 ¥+t 355, HAMAZ AR, 1-GRke A2 N{E OGD
S H) NDRG2 B0 S A% IR G ks (B 16). 3 — 25 X 55 7% 1 2 I B 40 i gt
ITKEANE, 737317 Western blot fill NDRG2 £ FH &AL, KM OGD f5
NDRG2 HEHATEAHMIAZ N & & B350, GR350 5 OGD 5l
NDRG2 & AR/ B (1.78+0.23 i vs 3.75+0.49 £, P<0.05, B 17), TMHiEA 5%
CO, IR &R ANF OGD U B %= 5 .

DAPI NDRG2 GFAP  Merge

Control

OGD

Vehicle+OGD

Sevo+0OGD

B 16. LHEEFAEN OGD 4 24h FERFEFRERKF A M NDRG2 4% %
e gLt J 4l F s 3% B AL . FRN =60 pum. OGD, ZEFERIZF; Sevo, Lkt
AL FE .
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Nuclear
NDRG2 - -

Cytoplasmic
NDRG2

o
3

._l

w
"

Relative optical density
(nuclear NDRG2/cytoplasmic NDRG2)
*

o - N

B 17. LEEFAEN OGD H4E 24h NDRG2 EH S A EBRAREHRER KRR A
Fd 7 £ P A% 0 4 3 A 7K SF BB (n=6) . *P<0.05 vs Vehicle+0GD. OGD,
AWERZF; Sevo, LHEETRIALEL,

5 itig

AU LA KRB SR, Ut SRR 24 T A B0 o LR I B A ORI B o AL 4F
SKAE B S50 A B A S8 h ORI, U8 1S PRRIVE 24 T Adb B 0F o 28 L A S P52 495 )
HARIPER . Labe 2 IR E F B0 U SRR 24, H S BRI 52 10 3808 1 245
BT TZHAED S 7O AR m T — RO R A A & CR A F
o KHWRZIES: 5 RéT-BRIGEMN, RKIKBAEFE 24h 5317 MCAO i35kt
A i e o P B 35 T A FERASE I 7OV AR AT R T BB R AR, (AR
2h RIFEAT SR i FAL BRAR S, R I 2.0% LR AL EE 1h 7] BH 2 203% MCAO 2 h,
FRHETE 24 h JE KRR A TRy, BRI BESE AR E 40 %, R B R-Galbe Filsk
RO R P st It L R CR AP (R I47) i A B

BT R I, IR A TR EE RN 1] B -5 2R A B ) Kare dIE A 510 A&
T UL A DA SO AR U R AL, AT kR 453495 )5 (A R THBEIR S . A S
E AT T AR, LR TALEE AT LA I ROS RSO0 A IR VT A LGS
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PRI, PR R . TR S LB, Bk AR ERK/MAPK 15558
1Y, S B AR A AT B2 . Ak, E U TIUAL BRI R LI S ek 4 i s )
RAEMORAPIER . SR, DL ESR B RN B R 1t JEARERCA LR
AL BRI TR A A FH AR S P A

HT T4 2 JOTE Il D e R A o T, DTt toF o st of, PR 453 475 W 9 2 B DG Y o
2 U0 S LA DAL o AT 3 4 SRt i e KL 72 PR W0 A 48 Pl R O v B — 4l i
) AL REAR 1) N IR B RRE . (O AR E KA N & B E AR, BIZRR
P 3 20N A 80%~90% , AT H N T2 %, HAEM B M4
FOLRI AR AR 28 2002 200 sk el i ik, R IR R4 2 5 h AR 4 R
Gl 2 TR T AR PRI RERO, R R ICRUR O 2o I . 4EREKRNES TP . AR I
0 B B ) TE 0 548 L R T  LIA E R AR LA R S 5 4 2 R A )15 B AR B 5%
A AR G RN BEL RIS E ] . DI, 3 A2 TR T o 4 M B A9 2
DS R ML 5 B TR M5 400 L 1) ) e W e 44 S A ) 3 Ik e I, P VA 4 40 P e 2 B VA T
TV e 5 40 MR it o e R M 453405 0 28 A R T R R AT R NTIE T S T R P i e
B va T TR HE A R BE

KB A I R e YA B T 3 1 T A R 9 S S R R R SR AR,
PI3K/Akt {5 5% . ERK/MAPK 5 5% . NF-xB {5 5B, HZ HKETHE
TG 15 S m i, L ARUbE TIUAL B A A R 1 R TR IR B 40 B A 15 540 T 1 K T 1 NDRG2
R MEPRMAE RGN FEERIL T B PR A EER, 8T Ndrg %, 78
AMETE b, BOMRRIEREZAER, HiEgEIA N MR R R of
W& NDRG2 25145 A= BRI B4 AR R B FE R R A i v AR s B IR
J5 AN B A B S REPE R R IR A B g AR, R BRI AR R AR AL, TES
BRI BT ARG N, AR, K& 2. @K, REY GFAP Rik
EA, ATREREUN KM SEANAA . FIAN, RSO R TR 4 MR AR £ A i T
F, Al nE SR AR AR SR I 2 KGR TA HE S S o) R O 4
L2 O P A e 1 B ) S B U ARy S R R, BB R TG B A T R
MCAO 751 2 fif L 1 7 B2 T I 5 A0 B T 25 27 238 - NDRG2 AF Jy 4% 2 TR I Joa 4 i
S S BB YT, AT AEAE -G U AL B T o 400 B e I A 1 2 f i
RAE— AR, BEMSCY — bR TR 5 40 Bk S vE AL 2 5 L e TAC BE i ph 22
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(FSAR

AR T AR, R A M R R L R E AR S, BRI RS T X GFAP FH
VARG 0, TR R RS GFAP JLEhi T ETEI T 41H NDRG2
Tk L, BRI R IR, RSN S TR R R R A0, B
NDRG2 Fi& Ml NDRG2 [tz WHH% . AHRrSkgnidid 78 SD KA1 JE AR 77 2
TR S A b 3 3 32 MCAO F1 OGD 8, % I - o T Add 3 P 06 26 DA Bl i 6k I
eI XORIRE 7R R R4 OGD J& () NDRG2 L, F:#H] NDRG2 M3 i i
WA, BT AR S B 20 M S R T A AR, O G e T B
A BRI I PR NDRG2 3K b oA e (L T s e iR I 5 5 S 1 2 T IR ol 40 1 A4
SRR R ML PRV E AR, AFX — 2518 b R O R R R 4 ) NDRG2 [#17K
S, WS FRH R L/ PR Y A 405 AN -G BRI 4o 48 DR A A P PRI S 7 RE IR S5
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% =3 % NDRG2 % ik LA/ T AN L AMK
ML Z R mIE OGD R 45 4F A & % R
1 AR

1.1 SEE =¥
Bk SD KM, 1~3 Hist, S UZEERELREY iR,

1.2 /M F#t RNA (siRNA)

S Al ) NDRG2 siRNA R L2648 QIAGEN AR E, FZ&
& Genscript 2 A E T & B, 75N 5-GCAUCCUGCAGUACUUAAATT-3" fll
5’-UUUAAGUACUGCAGGAUGCAA-3’; H ffit xI | ) &L ¥ RNA J¥ ¥ K
5’-UUCUCCGAACGUGUCACGUTT-3" 15~ ACGUGACACGUUCGGAGAATT-3",Ji
Z3HE Genscript 2 5] BHTA Ko

3 @ RIERAL

S T ) NDRG2 i 0k 5RO 2 a1 LA, S5 BTkt AR A W R
KA RE RIS B IR, BB R KA PCR B4l 5 K B A
NDRG2 #) DNA H B , K B NDRG2 3 % & % N
5-GAATTCTATGGCAGAGCTTCAGGAGGT-3’
/5’-GGATCCTCAACAGGAGACTTCCATGGT-3> , A NDRG2 3l # ¥ 4] N
5-ATGGCGGAGCTGCAGGAGGTGC-3’/ 5’-TGAGGAACGAGGTCTGGGTGGG-3".
P18 5 1 DNA A B 5% N\ pEGFP-C1 4K [¥) EcoR/BamHI fi7 55 .

1.4 LI (YR
[ 26— &7

1.5 SLIGFEH

Parand

By

o
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1.6 SCIE s 5

2.2

2.3

2.4
1)

2)

3)

4)

S)

6)

t @At E
B ARAHM - TRALEE,  [R2E — &R )

EREFELKRHAME OGD EHE

[l 2 —#B 73

4 NDRG2 siRNA F13iT 33X R hil 5 1k %
2 3% 7 ML BN RE TR AR N 55 77 B 4 9 T8 LIS TG XHT DMEM . (3.5¢m I 2mL, 24 L
B 500uL/fL, 96 Lk 100uL/fL) ;
¥ Le I H JE ML 6 X Pt DMEM #i B¢ Lipofectamine 2000 (3.5cm ML:100uL
DMEM+5uL Lipofectamine 2000; 24 fL#: 25ul. DMEM+ 1uL Lipofectamine 2000
/5L; 96 FL#: SuL DMEM+0.25uL Lipofectamine 2000 /L), =% E Smin;

f2 Eb A3 FH FE M3 7 X Pt DMEM #% NDRG2 siRNA F1EL 7 % 1 RNA (3.5¢m [1:
100uL DMEM+100pmol RNA; 24 fL#%: 25uL DMEM +20pmol RNA /£L; 96 LK :
SuL DMEM-+5pmol RNA /), DL NDRG2 it ik ks f #4745k (3.5cm [l
100uL DMEM+2.5ug DNA; 24 L#: 25uL DMEM+0.5ug DNA /fL; 96 fL#: SuL
DMEM+0.1ug DNA /{L) ;

FRREUF 1Y sIRNA BUFRL DNA I AHGFE 5 1) Lipofectamine 2000, 558 BE i 1
AW, ZiRMEE 20~30min;

RGNS T IMAFE TR MBS TR N, R SR IRER S, NG TR 4k 2
R,

4~6 /NI JE, FEHA 10%FBS [ DMEM R 9738, 4k4ER 55 DT R — 50k
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2.5 WA ADME—MTT iR I8

H—Ear.

=)

2.6 4PN E—LDH B i

iy

:l

tl\

)5 —
2.7 EH R IZEPE—Western blot

3 SERIXIFSE

3.1 & E NDRG2 siRNA Fid 321k 5 bz £ (4 19 2 FE I AR /33 SR ik 3 &

JEARRE TRV R R N 6cm AHAEEEIRIN, BENLT A S 4, IEH XA
(Control), HLFEXTIE RNA 41 (si-Con), NDRG2 siRNA 41 (si-NDRG2), Jiikias#
P2l (Vector), NDRG2 i 1A Ji #4240 (NDRG2), B4 6 L. si-Con 1 si-NDRG2
43 ) Gl I RNA A NDRG2 siRNA, Vector Al NDRG2 #4143 7l i e s Ak
I NDRG2 i ik ikl 4% 24h #255 FH AT Western blot fill % 21 NDRG2 £ik1h
B, 5oiE NDRG2 siRNA FHis 26 Jou s 28k s 1 5 DR TR i I8 280 %

3.2 MET A NDRG2 RikxH&FFE R R OGD 1 5 B 52 1

JEARKE IR BRI T i RN 96 FLIR, BN 3 4, OGD 4, #&LJFXIH RNA
+0GD 4 (si-Con+0GD), NDRG2 siRNA+OGD 41 (si-NDRG2+0GD), 441 8
fL-si-Con+OGD H1 si-NDRG2+OGD 2H 43 7% G4l 7 X 8 RNA A1 NDRG2 siRNA.
FEYL 24h JEHTCIIE TCHE RS R HE/T OGD. OGD 4h JBRE AN, T AL 24h
WA bkl LDH B780%,  FEAIH MTT S s S U 40 i 7 .

3.3 WE i@ NDRG2 FRiAx %5 2K RAM OGD Hifa =y
JRAEE TR BT R 4l i FEFh N 96 FLEk, BNl A 3 4, IEFXTIEZ (ControD),
TR AR Z4H +0GD 4H (Vector+0GD), NDRG2 it %14 Jii fi 44k +0OGD 4 (NDRG2
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+0GD), %541 8 L. Vector+OGD F1 NDRG2+OGD 42l 4511 #% Ye 22 & A& F NDRG2
o RIEFRL. FEYL 24h 5 TG LTS OB 7R 5L 4T OGD. OGD 4h J51kE &, T
EENE 24h W EXAH A BSOS IN LDH BRCE, FERIH MTT 45 B S50 K6 0 2 At vih

=

S

3.4 WM i NDRG2 =ik x5 bt Fu 4b 2 40 Al 4R 4P 4E B B9 2 T

JEARES IR BT I B4R MR N 96 FLAR, BEMLI 4 3 4H, XFHEZH (Control), Jiiki
THMAHAH (Vector), NDRG2 i RIS R4 (NDRG2), 4 8 fL. Vector Al
NDRG2 H 75 7l e 75 348 NDRG2 i Fik ik 4% %% 24h J5 = 2H[RIFEALFE: A
2% LHEBEN 5% CO AL 1h, [AIRE 2h #eTC M5 TCERE 7= 5E2H1T OGD.
OGD 4h 5 A5, T A 05 24h W AH M E3S WAL LDH B 80%, 3R H MTT
PRSI0 I A0 Y 7

4 R

4.1 NDRG2 siRNA flid RIEFRR B F T 75l E BT ERKRAKE D NDRG2 £
[l 70 BA B = 3k 14
JEARE IV A e e ARG B & 6cm B59R 1L, ) BIHE Ye L X RNA
(si-Con), NDRG2 siRNA (si-NDRG2), pEGFP-C1 Jfi ki 45 # /& (Vector) [ NDRG2
pEGFP-C1 Jfifi#i{k (NDRG2). HiT NDRG2 J:Al Rk EmHK, #iEge siRNA 4k
PG 24h J51T OGD, K% 24h $#&55 HiE1T Western blot £l OGD J& NDRG2 % [A]
DUERTEOL, KINFE 4« NDRG2 siRNA W] 2 3 FFIR 55 77 B T I B 40 s N NDRG2 £ H K
P (P<0.05, & 18), [FIFF4:4: NDRG2 siRNA 1 NDRG2 rescue #i % 4A A X} 47t
NDRG?2 siRNA X} NDRG2 A& I1E L, % 4 si-Con A X NDRG2 & 38 B FH i #20, ;
17 % 4% NDRG2 i i iR 3 2 0 -4 4% 24h J$&8 A R L343, 3L NDRG2
ok FE Ak iR A R 3 G N B R RV I BT AN NDRG2 HH /K (6.2540.68 5 vs
1.08+0.22 f%, P<0.05, K&l 19), =@k Jeoi )55 20 T iE B 2% =
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B-actin | e — —— — —

N
A

-
n

Relative optical density
(NDRG2/3-actin)

B 18. H YL siRNA X7 E K R 40 i NDRG2 KX (n=6). *P<0.05 vs
si-Con. si-Con, HELFXHE RNA; si-NDRG2, NDRG2 /M RNA.

NDRG2 - ——

B-actin | S —

=]
J

»
n

Relative optical density
(NDRG2/g-actin)
&

L1

o o ol
& xS

Bl 19. B YL ALE iR 35 5F B TR R R 40 e NDRG2 REME M (n=6), *P<0.05
vs Vector. NDRG2, NDRG2 pEGFP-C1 Jii ¥i#fk; Vector, pEGFP-C1 Jii i 7% £ 44



FoFEXFHETFHEAL

4.2 S NDRG2 RIEZBRBRIEFAEHRRMAME OGD #Hi 5
HUH A4 SD KR ER R EARR R A, e ERE8mmE 96 fLIR, /5l
e YLELFXTIE RNA (si-Con) Fil NDRG2 siRNA (si-NDRG2). ##4% 24h J5#E4T OGD
B Bh P ok 1L PR 4547 . OGD 4h, B4 24h J5 R 9% BIE AN LDH BiE,
KI OGD JaH:idr L+ LDH & & %3 EJF, # 4 si-Con A% OGD /& LDH B
B BT B (59.346.2%), si-NDRG2 41 OGD J& LDH Bt & T[4
(304+4.0%, P<0.05, &20) ; FIF MTT iREAMANAIE 1, KB OGD 7 &%
PRAREE RN MTT MIHRECE, # 4 si-Con 141 OGD J5i% I L BAME (44.5
+4.3%), Y si-NDRG2 A 243% OGD JG HIZNIE /1, s F=gnust MTT K
P (80.5+4. 1%, P<0.05, & 21). FiRZ5 R KB 4L NDRG2 siRNA T NDRG2

AL T OGD 1S 13 77 B I ot 4 5 4%
80-

T

N
o
1

LDH release
(% of maximal value)
n N
o o
1 L
%

B 20. ¥4 siRNA X EFE R B M OGD j5 LDH BB MK m (n=8),
*P<0.05 vs si-Con. OGD, % FliFZF: si-Con, ELFXHE RNA;  si-NDRG2, NDRG2
/N3 RNA
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100
*
g; 801
2 60-
=
[ -
j: 401
©
O 201
0 T
Q Q Q
CS, §§3 §§3
oo ov
RS &
& Y
&

B 21. #4L siRNA X 5575 B I R 40 e OGD Jo 48 e ¥ 7 ) 2 Wi (n=8) . *P<0.05
vs si-Con. OGD, ZWEFIZF; si-Con, #LFEXTHE RNA; si-NDRG2, NDRG2 /ML
RNA.

4.3 I3&RiE NDRG2 MEEFEFKRRAKR OGD #Hifh

HUH A4 SD KR ER R EARR R A, e EREammE 96 FLIR, 45l
¥t pEGFP-C1 Jii ki 2544k (Vector) [ NDRG2 pEGFP-CI Ffiki#if&k (NDRG2).
F 9% 24h [T OGD BN SR I FEEVES ). OGD 4h, S 24h JFHUE IR b
TR LDH B, KIL Vector 41 OGD Ji LDH B2 5% E7F, NDRG2 it
#1k4H OGD 5 LDH B E 4L Vector Hit— B+ (78.6£2. 3%, P<0.05, Kl 22);
A MTT iR G As ML ME 77, I Gy w2 B B 75 BRI S 401l OGD J& i
JIBHE R BE, %Y NDRG2 i AR 4 OGD J& X MTT fR it — 5 N % (28.5
+2.3%, P<0.05, & 23), LR&TREFG NDRG2 Kk ki Ei NDRG2 3£
BT INE OGD 51 85 7% B o 4H i 45 4%
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100-
% 80- x
2>
3 g 60-
40-
qE
(o]
2 20+
0-
& & &
® N Ny
0GD

& 22. #% 4L pEGFP-C1 JFi KL AT 35 7% B B R i 40 il OGD j5 LDH B i & . i
¥ (n=8). *P<0.05vs Vector. OGD, % }#%|<F; NDRG2, NDRG2 pEGFP-C1 Jii
FiEAK; Vector, pEGFP-C1 Jii kL 25 #4K .

120+

—
o oo O
S o o

Cell viability (%)
S
*

20+

I\

OGD
& 23. ¥4 pEGFP-C1 FR. 8 &N 377 B K 48 OGD J5 48 f i 7 () 8 Wi
(n=8). *P<0.05 vs Vector. OGD, % f#%|<F; NDRG2, NDRG2 pEGFP-C1 Jii ki %k
&; Vector, pEGFP-C1 JFiky %% #i 44
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4.4 @ 3RiX NDRG2 #¥ L RIT L E X 1§57+ ER K R4 OGD #Hi A K R 1E
A

HUH A= SD K RUEER R EARR R A, e ERE8mmE 96 FLIR, 75l
¥t pEGFP-C1 Jii ki 2544k (Vector) [ NDRG2 pEGFP-CI Ffiki#i&k (NDRG2).
B 24h R4 T 2% -BRGETALEE 1h, 2h JEHET OGD AL B4 ik S i 7 HEE 451457 -
OGD 4h, H4 24h J5 B 3% EiEWG M LDH B, KRIL Vector 1L k% LDH
RERUIHIHI A A B A8k, NDRG2 i RIAH -G bxT LDH B AR A s
# (65.6+£6.5%, P<0.05, & 24) ; FIFH MTT RIGKILHMIIE 1, R ILEE Y Tk 2
HARMRE R B AT, R TS OGD J& i 71 I 1 Fl 5 R i e 1 2%
fbl, %Y NDRG2 i & ik 21L& St OGD 5 MTT U3 in /e F i BH T (47.5
+3.1%, P<0.05, & 25), LR&5REWFG: NDRG2 Kk ki Ei NDRG2 &
I8 ] 3G R TUAL B RS 77 B T I A OGD 4473 1 R4 4 i

80- *

o
<

LDH release
(% of maximal value)
) IS
e <

Vv
@
&
S

Sevo+0GD

<
O 0(},0
< 3

K 24. ¥4 pEGFP-C1 R HAX BFRER KR KA -CE K BAAE+OGD &5
LDH BB BB 200 (n=8) . *P<0.05 vs Vector. OGD, A ¥ #|Z+; NDRG2, NDRG2
pEGFP-C1 ik #4K; Sevo, LHIGETIALEE; Vector, pEGFP-C1 Jii ki 4= #i 4k .
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100-
__ 80 =T
S
%‘ 60- N
©
> 404
®
(&)
20
0
N N 9
& & £
< 3 Q

Sevo+0OGD
&l 25. ¥4 pEGFP-C1 5 AL 3% 7 0 35 57 B TR Je o 40 e G 8l b Tl AL 22 + OGD J5
P HYE FTHI T (n=8). *P<0.05 vs Vector. OGD, %¥#3%F; NDRG2, NDRG2
pEGFP-C1 UKL #i&; Sevo, LRbEINALEE; Vector, pEGFP-C1 BRI &4

5 ifig
55— 43 B SN BN ) S 56 R 4 P S 6 P 5 T LR T -G e T A B R L/
JG BRI R A NDRG2 RIS AT M52, -G 3o Tl Ak 21 v 4001 e o/ P
WEVE 51 ) NDRG2 ik ERAIAZEEAL, $&7r NDRG2 #ifilal e 2 5 1 -batbe ikt 3
(s & A4 VB o A0 0 WF 70 R F AR B 75 IR R 4 i N B e % 2, Mg T
NDRG2 F5 51 siRNA A 1A Fuki 844, M % NDRG2 Eifl/ T i OGD /it
A TIAL B LRI 1 F IR 20
H1 T8 = NDRG2 ¥ 5K s Y A1 R i R s A R, Hoi R T & NDRG2 5 57
VRS AR, DR AR 43 SR Y 1) 2 £ % NDRG2 mRNA (1) siRNA & T i
NDRG2 #ik, LRI T #54 NDRG2 cDNA (#5345 ki % 44k i NDRG2 (1)
EE. AN, BT siRNA I 8 JFUR B AE B P Je il D) 241K, B RT3 AN
W RRFERAE, B RAVEA T AR IR R A AT 44, IFLL OGD #
RUSRASAL BN 00 o 5t 1L/ P RE Y A A A5 28, W% NDRG2 R E i/ R x5 77 BRI
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HH OGD #5473 FH - FRbe THU A 23 200 0 DRy 1 FH RS i A Y00 JEC X il ke L/ P B Y 524
FIGRUGE AL B A0 2 LR 4P VE I A RE A . IOASEIRAFAE — B IR IR, BATOA7EM
2 NDRG2 %% J K] /I Gl A1 5 DR Rl B /N B, 4 7 2R O SR FH 3 6 3 A% A8 11 /) BB 7
NDRG?2 £ i & L/ P 345305 LA K UM BRI 4 22 R 7 o RO/ FH

ARG AR AL CAESE A siRNA T NDRG2 KA TR e, i Fl
F NDRG2 i ik iR #8411 NDRG2 5 & v i 40 a3 Gk B ik 182, (HIF AR 5%
R HARIEXT OGD #2585 —#R 73 SE46 R B OGD Ja 25 41 i A NDRG2
Fik L, L BRATSE W %L 7 404 NDRG2 ik LiflJ5 OGD 51 #2 fI40 i i1 i1 254k .
QLT PR RNA (si-Con) ZAHEL, 4% siRNA R TZ T 40/ A NDRG2 %
KIUTER, OGD fE4fMax MTT S N, LDH BEJuasl; FRATE ) B IE L B 4 i
PIE G T #54 NDRG2 PR i 08 BRI, R IO 8 BRI R4, OGD J&
MTT MR HAK, LDH Bl EH 2, KU N ILEE NDRG2 T2 OGD 5l
M — PN E ., X R £ R4 OGD B!, NDRG2 K¥#%
TRF IFER -

AT —#B 7> e R, LR TR EE P OGD J5 NDRG2 ik R,
2, WS NDRG2 TE4HMI R Id I8, A HA B bl b aUbe TRAR 22 58 440, Bl kb
PR E R R B 2 R A SR 2 P FRATT7ERE ¢ T NDRG2 i Fe ik JiUR i AR 1S
TR EBRAAE T, WEE T LR BB OGD ity /E F AAE Ak, & BL40 H 3%
JJ N W%, LDH B0, #2778 NDRG2 KiA b5 L ax AL #EXT OGD 47 i) 4n i
PRI E B e 2%

AER I L5 SRR B Y NDRG2 siRNA Fiff NDRG2 FIAKIE T 5Lk ikt
BB AR . M, B4 NDRG2 it &I B RLAE OGD 51 fr 40 i i /7 5%
TAFIGH N B P E— 2D e, HL ) 10 - e e TRUA BN 5 77 A IR 5 4 i OGD 45475 (14
TRA 15, 22 B -G 9RUoe TAL B4 5 7 Bl i 0  NDRG2 F iR e (07 K 45 H AR
o
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E=H5 LRAmEALEMANDRG2 2 £
W/ TR e/ FEEERECATH R R

1 #8

L1 SR
[l 2 —#B 73

1.2 M FH: RNA (siRNA)

1.4 SER AR
[ 28— &0

1.5 I FEM
[l 25— B 73

1.6 SE3& 3% 71
[ 25— 5B 57

2 &

21 EREFKRARIEST
[l 2 —#B 73

22 EREETALE
[l 2 —#B 73
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23 KRB R mER —MCAO
[E) 5F5 — 3857
24 FREFEFRRRMEME OGD 28
[E) 55— 57
2.5 ZHffl NDRG?2 siRNA 73T 3234 R B 8 (4% 34
[ 2 357 .
2.6 TUNEL &
1) SR Bl PURBE, I S AP ik [F) 5 — BB o0 G o e Yt
2) 1% TdT B: tricii=1: 9 LL@IfcH] TUNEL SN, i3] ee s F, 37°C
% E 60min, PBS {E¥L/E HME F, R EMEE FWE.
2.7 B H R EEPEE—Western blot

FiEE S — 5y, AP EYE: "B Caspase-3 (1: 5000, i
cleaved-Caspase-3 (1: 500),

2.8 GiitE R

v V2
Al 55— 40

Zl

3 SEREvHkIFNS4H

30 MEBBELFETAENBEGROEEIMEFRERRRAMR OGD FATHR
M)
48 HMEME SD O KEBEHL T AU, BT AR (Sham), Jaj M ok 1L FEEETE 4
(MCAQ), 58S+ JEy k1 i ke f F-#E 7340 (Vehicle+MCAO) Fl-L ik + R A4 v
B 4L (Sevo+MCAO). Vehicle+MCAO 1 Sevo+MCAO 43 HllR N A /A 5K
2%-LH K 1h, [EFE 2h 347 MCAO; Sham ZHBHTFARMEATENLAE, il 2h [5R
HZte, TR 24h B4 6 HACERE AT ZHZ3ET Western blot Al Caspase-3 #l
cleaved Caspase-3 & &, 73 6 WV & I A V) 7 5 3547 TUNEL Byt i S i~
i X TUNEL BHPE 40 70 %
JFEARES I R T R AN o AP 2 6em 4035 7% LRI B e e I 35 17, BEHL >
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VYA, XHEZH (Control), OGD H, A +OGD 4 (Vehicle+0OGD), -L#ki+
OGD 4 (Sevo+OGD). Vehicle+OGD F Sevo+OGD 14} fliEA 5% CO, &S
B 2% LT 5% COL TREA 1h, [AIFE 2h TG L35 T g R 7= 54617 OGD. OGD
4h fKEERE, THRESER 24h IR E S 21T Western blot £l Caspase-3 #H
cleaved Caspase-3 & (n=6), A€ [& & /51447 TUNEL B4t % TUNEL FH
HRTE 7% (n=6).

3.2 WE TV NDRG2 RIEXMIEFEF R FRAMR OGD FRATHE N

JEARES I B T R AN e A 2 BB R 2 6em 4TS 77 LAN ST B e 6 I 38 0, B
MLy N4H 3 40, OGD 4, &LF*HHE RNA+OGD 4 (si-Con+OGD), NDRG2 siRNA
+0GD 41 (si-NDRG24+0GD). si-Con+0OGD 1 si-NDRG2+0GD 4143 7l % 4L L e
XHE RNA Al NDRG2 siRNA. #%4% 24h J5 TG MG LR 77 54347 OGD. OGD 4h
JE K ANE, TR A 24h $EHUAN L 8 134T Western blot £l Caspase-3 1 cleaved
Caspase-3 & (n=6), AL &% 54T TUNEL it 5 TUNEL FH 440
rF (n=4),

3.3 M L1 NDRG2 RIEXIEFEF R FRAMR OGD FRATHE N

JEARES I T R AN A e Al 4 BB R 2 6em 4IRS 77 LANGT M e e T 38 4, B
M5y 3 40, TEH X 2H (ControD), JiiFiL 7 # f42H + OGD £H (Vector+0OGD), NDRG2
B FIE PR AR +OGD 241 (NDRG2+0GD), Vector+OGD Fl NDRG2+O0GD 414>
e Y B AR A NDRG2 i FIB kL. 4% 24h J5 4 JC LIS Tob: 7 548547 OGD.
OGD 4h JEVk 5 &M, T HASHE 24h $2 40 55 1 3E1T Western blot £l Caspase-3
Ml cleaved Caspase-3 && (n=6), 4HMIE/ [EE fF#E1T TUNEL 4441t TUNEL
BAMEZHM T 73 % (n=6).

3.4 W& LV NDRG2 RizMIFEREXKRAB LA RFLE +OGD FATH
A

JFEARKE IR B AN R 2 AR FI 2 6em AN ARG R MLANAN M Y B F» B
Moy 3 4, XHBAL (ControD), FURITHAEL A (Vector), NDRG2 it Hik i Fi 4k
A4 (NDRG2). Vector 1 NDRG2 217 7l % G4 8 A4 M NDRG2 1 ik ik . gk
24h Ja = FFEALEE: A 2% LRI 5% CO A ITALEE 1h, (ARG 2h
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5 TCHE R R 51T OGD. OGD 4h G E M, T RE SN 24h SRINANM & 1
1T Western blot ¥ ill Caspase-3 Fl cleaved Caspase-3 % & (n=6), i€ [&H & 53t
47 TUNEL 4¢€5i+5 TUNEL BHPEZIIRE 203 (n=6).

4 &R

4.1 E R T AL IR A R A BR A ER I - R E S 4R B oA T

CHESETALELS, ARG 2h @57 K R MCAO #E7Y, FEEEVE 24h, BRI s 41
IR T, Western blot 5l Caspase-3 #l cleaved Caspase-3 £ [1RKIEA/KF, 45
RE7R, MCAO Ja KER BRI I ZHZA N cleaved Caspase-3 FRiLHI R T, S
WA Z BTGt 25, -Ga b b B A FCER L f5 cleaved Caspase-3 &
B (P<0.05, Kl 26) ; KWAEE M EBAEEYI 1T TUNEL ¢th, K3 MCAO J& 6k
il %7 X TUNEL PRS0 7 3 2 5 080 (62.5+8.5% ), A A4 TUNEL [H
PR TC B3 AR (61.549.2%), 145 T-E e AL BRI A TUNEL BHPE40 M 5 7
HPER 31.245.4% (P<0.05, E27). FiRgh Fu iU &R AL 2 AT kK iR MCAO
Jo SR I 1 X 4 L

cleaved-
Caspase-3

Caspase-3 | v s S— —

o
)

_|

w
1

Relative optical density
(cleaved-Caspase-3/Caspase-3)

(=] — N
.
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Bl 26. LHELETHALE ST MCAO B EEVE 24h SR BEH5 40 20 Caspase-3 3544 I B2 1A
(n=6). *P<0.05 vs Vehicle+MCAO. MCAO, KMithshkFHA; Sevo, -LEGETH
LR

MCAO
Sham MCAO Vehicle Sevo

TUNEL

DAPI

80-
9
s EiEt S
%
Qo
Q
2
= 40 *
/]
(]
Q
-
w 204
=
=
b=
ol—c== .
& P Ry Ky
& ¢ ¥
o &
& =

E 27. LEETAEX MCAO F#EVE 24h S il 1% 85 4 20 TUNEL FHEE 40 E
ﬁ$m§$”ﬁ (n=6), ﬁ}i‘ZIOO Hmo *P<0.05 vs Vehicle +MCAO. MCAOQO, j(ﬂ&
HHEKBE ;s Sevo, LR TALER .,

42 tREEMLERRIEFELKRAR OGD AL
BGHT A= SD KRR Z 1 7= AR B T IR R 4l i, Fa e M2 6cm 4H B 7= 1M
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AANIC R L B, -ERbE AL RS RS 2h 77 OGD, OGD 4h, R4 24h $2HU
FRILN BT R 5, Western blot #:J Caspase-3 A1 cleaved Caspase-3 2 H
KikKF, SR ER, OGD a5 7RERE IR FTAM cleaved Caspase-3 ik B 2. Tt
B, WA 5%CORARH G2 MBS 25, M-k K OGD 5
cleaved Caspase-3 & (P<0.05, & 28) ; #HMUI€H 4T TUNEL 4ff, &KI OGD J&
Fr 7R RGO 40 i TUNEL BAYEZ0M 5 7 2 2 E 0 (62.5£8.5%), WREbHA
TUNEL FHPEAN%C B &2 (61.5£9.2%), Mg T-La b BULHENI{E TUNEL K
VRS 3 R B A 31.245.4% (P<0.05, K 29), Fid g St b &b AR 2 T j %
JRAREE TR R R IR 4 OGD & 4 1=

cleaved-
Caspase-3 ~ W -— —

Caspase-3 | s S S —

w
3

Relative optical density
(cleaved-Caspase-3/Caspase-3)
- T rd
-

B 28. LEIETFAEST OGD B4 24h BN B IR 41l Caspase-3 iE 4L K
B (n=6). *P<0.05vs Vehicle+0OGD. OGD, ZE¥EH#ZL; Sevo, LEETAATE,
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B 29. LEIETAES OGD E48 24h EREFXEFREKF M TUNEL FH % 41
MBS ZEKEME (n=6). #7/X\=40 um. *P<0.05 vs Vehicle+OGD. OGD, %}
FIZF; Sevo, LHEUTETIALEE

W

4.3 LA NDRG2 RiE#MFIIEFEFRKRME OGD FAT
HUH A SD K B 2 55 3% FUR R IR R ATML, Ao ARG 8 2 6em 4l RSS2 L
UM e /& 8% A, 4> A 5% Je sl X 8 RNA (si-Con) I NDRG2 siRNA
(si-NDRG2). #:%% 24h J5 347 OGD B ANk sk L FREVEH4) . OGD 4h, H%
24h $EEUREFR LN B )T, Western blot £l Caspase-3 il cleaved Caspase-3 & [3R1A
K, KB si-NDRG2 41 OGD J& cleaved Caspase-3 & & B i N %, %54 si-Con K

NN
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X} OGD J& Caspase-3 F=A &M (P<0.05, Kl 300 ; M€ 51T TUNEL 4,
JIN si-Con ZHFHPEA M4 5 548 OGD AR LG ih 5 7 57 (44.546.5%), T %% G
si-NDRG2 JU[fff TUNEL PHPESHME 73 % 2 18.244.3% (P<0.05, B 31). ik
Wi B J¢ NDRG2 siRNA T 1§ NDRG2 KA Jf 4% OGD 5| & 155 37 5 % 5 ot 240
T

cleaved- — — - —
Caspase-3

Caspase-3 | D TINND GNP TP =

w
]

N
1

-
A

Relative optical density
(cleaved-Caspase-3/Caspase-3)

o

B 30. 3L siRNA XF OGD B & 24h R85 58 B T2 X G 4 L Caspase-3 G 4L 1 52
I (n=6). *P<0.05 vs si-Con. OGD, % #|%F; si-Con, &iLFXTHE RNA; si-NDRG2,
NDRG2 /N F# RNA.
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B 31. ¥4t siRNA X OGD E 4 24h FREFEEKFE 4 TUNEL FH 440
BOERKEME (n=6), #x/\=80 um. *P<0.05 vs si-Con. OGD, % #iF|3F; si-Con,
HLFE A RNA;  si-NDRG2, NDRG2 /NFHL RNA.

4.4 TRIE NDRG2 EMEFERK R OGD BAT
HUHT A= SD KRR 2 JE 15 372 R AR B T I R 4 e, B2 e LA G Fe P 22 6em g4I B F= 1101,

S
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43 A ¥ 4 pEGFP-C1 Jii ki 25 34 (Vector) 2 NDRG2 pEGFP-C1 Jii ¥4 /& (NDRG2).
¥ g% 24h JEHEAT OGD BLALLAN W)k Gk I PR H1 4% . OGD 4h, &4 24h $2HU3% 7RI
W& H )i , Western blot £57ll Caspase-3 Fl cleaved Caspase-3 & H 1A /K, K Vector
“H OGD J& cleaved Caspase-3 &= LFt, NDRG2 id3RiA4H OGD J5 cleaved
Caspase-3 /K8 Vector ZHiE— e (3.82+0. 43 %, P<0.05, K 32)., Liksh
VLW Y NDRG2 i #3& FOkL_E 1§ NDRG2 A AT I E OGD 12 (155 77 2 T 15 o 2
JE T

cleaved-

Caspase-3 . —

Caspase-3 | mmws cosmms e

o
)

Relative optical density
(cleaved-Caspase-3/Caspase-3)
) r " » e

B 32. ¥4 pEGFP-C1 FR EHAEX OGD E4 24h EREFRERKFRAMR
Caspase-3 E LB IH (n=6) . *P<0.05 vs Vector. OGD, & F#3|ZF; NDRG2, NDRG2
pEGFP-C1 Jfiki#{&; Vector, pEGFP-C1 Jii i %5444k .

4.5 i3 3Rik NDRG2 #% + @kt FAb B2 3 3% 72 2 7 B R 4R BB T e 3 51 4 A
UL SD KB E R 7R AR E TR IR B4, Fase A AR5 BeFh 22 6em Al ffEE 77 1L
AU IC & F B, 43 ) %% 4 pEGFP-C1 Jiiki 45 344 (Vector) &2 NDRG2 pEGFP-C1
ORI AR (NDRG2). # Y 24h 544 T 2% LHBE I 1h, 2h 54T OGD £i4lz)
Yy ER i PR . OGD 4h, H4 24h IREUEFEM AN A, Western blot £l
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Caspase-3 il cleaved Caspase-3 5 F1RIE/KF, KI Vector ZH-LI ST Caspase-3 i
A B AR R AR B AR, NDRG2 iR IEH L HEXT cleaved Caspase-3 HIFFAKAEH
Wi (2.3540.29 1%, P<0.05, 33D ; 4HIEH 47 TUNEL Jett, K BUFE Gefiki
SRR IR IR B IR R AN, G AL EEX TUNEL FH R4 A% H s b e 5
REEGH ML, Y si-NDRG2 41-LH ket OGD J& TUNEL [ 4 4 i s 390 1) £ FH
BHIST (77.54+9.5%, P<0.05, K 34). LiRZERFH Y NDRG2 I RIAFRL 1
NDRG2 1 1] 38 % L b LAk B 55 7% B2 IR 40 i OGD A T2 g3l AE FH

cleaved-

Caspase-3 | e «mm @

Caspase-3 | ammms e a——

w
3

Relative optical density
(cleaved-Caspase-3/Caspase-3)
e s n

£ & &
® 3 4
Sevo+0GD

Bl 33. #% 4 pEGFP-C1 R AN 7R AR KR4 MR -LREMAE+OGD 5
Caspase-3 E LB IH (n=6) . *P<0.05 vs Vector. OGD, & f#3|ZF; NDRG2, NDRG2
pEGFP-C1 JiiKi#4K; Sevo, LHRIEINALREE; Vector, pEGFP-C1 BRI Hif4
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Sevo+0OGD 100-
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o 80-
]
Q
— © 60
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[
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o K\ eoe
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& 34. ¥ 3 pEGFP-C1 FR B AN ERERRBEAR LR HILLE +OGD /5
TUNEL FHHE4I R E 2R (n=6). #x/\=80 um. *P<0.05 vs Vector. OGD,
FABERZF; NDRG2, NDRG2 pEGFP-C1 Jiki#{k; Sevo, L& BT, Vector,
pEGFP-C1 i 75 344

5 Wig

AT AT AR 72 R BLGR I X 25 45 NDRG2 FH B T /K P75, H NDRG2
% 5 TUNEL PHYE4N 3L e 472, RUIEME NDRG2 i nl #8452 e R 4 i vE 1
5%, TR LD, IL-6 5S040 Co 400 CRRAPL R TR, AIAHUE
IR 40D OGD Je i tH Il NDRG2 ik Bl Kz, siRNA T NDRG2 m] it
OGD J5 Bax #*i&. /> TUNEL FHYE4M, 1M NDRG2 i %1k Fiki &4 i NDRG2
A3 OGD J& Bax 1A, K] NDRG2 Al i@l #2 & Bax APt gufaii . #t—5
WHFL K, NDRG2 (A 4k a5 5 8 1 H 25 5 01 p53 AR & H—2, HITER ps3
F A T4 OGD /& NDRG2 1) L, #&7~x NDRG2 A OGD J& p53 I T:{5 5l %
) — 32,

TR MEAE T — A B 7 e R R I/ PRS0 b, SR A O [X A 41 D
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RFE R EEHET T, HILBE TR AN AT I T AL~ 15 i DX ) 200 L A DA 2
FTONEEFT A, WORIUE S5, X — B4 st vl LAg 5. DN R
AR 4 15 1 X 4D 200 B 0 T S A ik 2 o R I/ P Y B 497 () B SR T ). 2 T A
IF 2 B 9 A B8 SO 40 ) e L 40 OB T 5 i e i 525 25 63 66, AL R Rty
43 SE56 EIE S L RUE AL HE il E I 0 #| NDRG2 L i MCAO #1 OGD 5l #2 )
R L/ PR REVE D, B4 NDRG2 43 T2 IR B 4i i T2 & 2 Ll Pl ab B ph 252
TRAP O (A FH B A5 2

FATE Sk SE T LR AL nT LR MCAO Ja SRl 77 X BA K& OGD J&:
TR ANM cleaved Caspase-3 5 & Ml TUNEL FHPEZN % & . cleaved Caspase-3
J& Caspase-3 2 Ja BV B R TR JE B B %5 5l TUNEL BORPRICIH T2
WY DNA, P9 52 40 TR I E EARE) . BRI e 4 i L el ik
ST ) R L/ PV SIS ) R TR IR ST 4R R T % % NDRG2 siRNA {8 OGD 52 1
R TN cleaved Caspase-3 & &A1 TUNEL BH 40 & 7 R B0k /b, % G
NDRG2 i FI& B RLEAR NE OGD 51 i) KK i 4l i Caspase-3 ¥ 4 A1 TUNEL [
VRN P o> Ak — BN, BT B TRAL B, OGD B ECAm i il T i /R
FI, 2 BA-E5UbE T AL B AT E L 4] NDRG2 2 i 2 T J 57 40 M A 72355 5 i e o i
5

O Z T EER 1) 7 NDRG2 fEAH f g A 4e st b ) /EH . — 771, NDRG2
(I 2E 22 o 4 i G 2 PR 240 M R R T2, AR U T P LA DA A0 0k 3 K] g i 22
SRR R, 5T, AW R I NDRG2 785 L840 i b R TR TR A
Shen L Z57Efi# 5 beta 4L+ &I, NDRG2 AIHCA Akt FIBFFRILIEYIZ 5 beta 410
AF IS AN TRE, 1 1 NDRG2 8 55 AR R 51 2 1 beta AUMLF T34 NP S 4k, 18
O LA A A SR/ P R E AR Y Fp, K B NDRG2 ZERIUTER & S EBUR B R PR T/E
FA 5% DMk, NDRG2 7EJ T AN4H M4 10 /R FASRE— MR 18, v R BE 41 A
PR R AR R AL R A N H NDRG2 A
OGD 5I#EH R IR ANMA T8>, 0 -8 NDRG2 WAl OGD 5|2 K2 TE i
SR TN EE,  FEBH SR A FX U TR A, B NDRG2 7E OGD FrEL
B T Am M 45 A0 -G ARUe AL PRI E:. OGD 505 i R FE AR T AR, #ik
NDRG2 AH I 14 52 T 2 o3 40 B 1 7 i A - 3o 190 Adh B0 475 5 I e L i 52 ) S B4
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P Z

RUREILAFAE— LR BRYE . B, TAVDCESE 7 —AWrE S (T 24h) RN
%2 NDRG2 £ -G 5 AL B A 28 CRAP 2808 Hh PR AR FH B L] o 08 3 A B 1) A5 1 SR
& TV 5 B M 2 517 X ) NDRG2 7F 24h 53w, JRACE: 7= BRI R 41 OGD
RS v 78 53 46 24h M5 S NDRG2 HIFRIA g o ZR T 24h B 45 FARR 2 LR Tl
A EE o} SR I/ P S AR A% O AR 1 F , NDRG2 2 75 25 L 38U TRUAG 3 ) 4B 3R 1
(FVETE 48~72h K UME) RYVERBEAEAT, mFE— P, KRk, LRk
Ak 3838 3 T IS I 4 T S A e L 52 (R BT )z B AT T 7E ARG 7 L TR IR I 4 i
%o BT R0 R TR A B A B 473541, NDRG2 38 i 15 B2 J2 1 o 40 o i adk i
sCM R I R A — #h e oAl BAE A, PTREZ LBt AL 2 4% NDRG KIE#HE IR
PV S E LA A R SR N BRI S G P A R R R AR EAE R R R AR
1M, 7EREARZN PG siRNA TR E A 9% NDRG2 FRIAME LUk 54 Nl 45 R,
DR SR 75 SRl NDRG2 3 35 [K] 3 1 R 2 DA il ok 23 4 5 3k 43 B ] S 4D 8 SR A A
NDRG2 7E figq s 1L/ FREEVE 153 10 A 22 CR 4P v B T o RO, A A0 SRV 1 PR ToAL
£ NDRG2 Z-5 i ifiL/ P 45 0 - abe s 2 R R i A €, (RS Bt/
FRREE RO AR b ) F L L R R ARG . BRI tEd . SR,
RAEJ B, AL 5 EREATIR A KIBE AR NDRG2 2 152 5 [l th i/ P A
AL, LA L9 AL 21 e 75 385 4% NDRG2 /i3 X B 45 15 A1 ] o $28 Ao
SR EM . 54h, NDRG2 WAF7EBERR AN LB RS R T, i SC O BI7E ik
&y beta ZH 21, NDRG2 RI 0y Akt FIBEIR AL K2 5 beta 41 i 14735 A L) B2, NDRG2
PERRA KPS INAERE beta SHARIE T2/, 72 I8 4 i o & BE T4 5 NDRG2
TR TEAX, XY NDRG2 BRRAIRE T Aeszm HIIRRIRE, Kk NDRG2 & &
EAR/RSL, IR SE NDRG2 SRR 7K T 38 78 i L/ P E A 40473 A0 b 22 LR g o
HIPEH] o
Zity BIR =0 SR IR A T, ACIGERE MTE fA R B4k 19 A A I S B K L e T Ak 2
A TROAL B S5 2 A /R A P A P AR R R T, R T G R T A B X R i/
FRHETE S5 R R ST 40 A NDRG2 ZRIE A 5340 [R50, 3k — A5 d i 1 428 A2 702 M It 240 M
P NDRG2 ik /K-FEAffi 7 NDRG2 7 Sl i/ 7 v 45345 FH -G Ab T4 B 4k 22 AR 4 2%
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B EER, FRRE T RIS N PR TE B T e e NDRG2 255 ik Ifi/ P v
P A-E g DRI T B SR BN L 22— AT FUR B 2 T T AN -G e S5 Tl PR
fe A 22 ORI A P IR — B, TRON ) WA Py A SR, 2R 4, A/
Jiq P /PR VR 45 0 RO AL K EL 5 22 e (AR EL AR PR DA B v i e L 453 £ 52 3t
A R
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I\ P

—

ASHEFTLL SD K BT ACH: 77 2 e i A i ik e % 5, KA MCAO At OGD 77

5 ) S AR R S AR L/ P R AR, LR T R - b A 3 ) R4 1 FH DA B
LT T BT R ML/ PRV S R R TI4E Y NDRG2 FRIB 152, Mg 7R Rk
NDRG2 siRNA Fl NDRG2 pEGFP-C1 Jii bi # A % G N SR AR KE 77 B 7 1 Jo 4 g >t
NDRG2 BT R YUER AR ik, #5TT NDRG2 78 $i ifi - 5E 7 45105 Fl-E & b A 2
PRAP RN A F B AL . AR A 32 BRI 25 A AL 451 T

1.

2.0% LHRFETALEE 1h, [AIFE 2h X SD K #EAT MCAO BRI 120min, F#EVE 24h
KRB DR AV 505, WREE ARG, FFE-Labe b fE, AR R
B FRANMEAT OGD 4h, B4 24h KIS MTT FIHRECESE N, K597 LG
Wb LDH &8 TR, 2B L HUbE TAL B AT g TRAL B 5 S BT HEAT R R B
JR3 e i i 453 4 R JE AR % B T IR S 4t il OGD $5i4%

JRSETERGBRIMLAT OGD f& 24h, @RI X A 77 R TR IR 41 il N NDRG2
mRNA ME RS EHVE BT, TBEF S S| NDRG2 78 2 27 5t 40 i 1) 21
A% P 3Rk B R0, T G SR e A B R 0 ) Rt/ RV S R TR R 4 PR P
NDRG2 %i& ERAMZEAL, #Ron-tabe Wb P mT e s 4% NDRG2 RS K%
AR ER

FIFH NDRG2 #7571 siRNA F il NDRG2 ik, 3572241 OGD 541
MG 705, LDH BJsys/b, IS L b BRI A R ORI R R e e
NDRG?2 pEGFP-C1 i ik Jii ki 44 il NDRG2 ik, #1577 2 R 40 il OGD
JEani e — S, H AL aU AR B AR R ER], R3] NDRG2
FEH L/ F-FEE P AT RE AR IR S R 0 1 T i il 00 1) A2 4249 1
1 FH 7% 3 M SR AL 32

LW AL BN H] MCAO 5 BRI W5 417 X AT OGD  Ji5 3 77 2 T8 I ot 4H Mt 1)
Caspase-3 514, 4 TUNEL FHPE4H )11 %5 H ; NDRG2 2 RIVTER A 3% 5% B2 T M o 48
i OGD J5 cleaved Caspase-3 #iA& N &, TUNEL FHPEZ0 M 20 3R ks, R T
G AL B 4T 0E T4 F; NDRG2 i ik il 77 B IR R 40l OGD J& 4 T ik
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— PN, HLa] BH -G g TUAL B 4 L T IR ], 22 9] NDRG2 81 2
BRI R AR T2 5 N R L/ AR E A5 5, B R TUAL B AT 1] NDRG2 #H5¢
ST o 4 8 T2 i A A 2 PR E T
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Inhibition of N-myc Downstream-regulated Gene-2
Is Involved in an Astrocyte-specific Neuroprotection
Induced by Sevoflurane Preconditioning

Xin Li, M.D., Peng Luo, M.D., Ph.D., Feng Wang, M.D., Ph.D., Qianzi Yang, M.D., Ph.D., Yan Li, M.D., Ph.D.,
Mingming Zhao, M.D., Shiquan Wang, M.S., Qiang Wang, M.D., Ph.D., Lize Xiong, M.D., Ph.D.

ABSTRACT

Background: Mechanism of sevoflurane preconditioning—induced cerebral ischemic tolerance is unclear. This study investi-
gates the role of N-myc downstream—regulated gene-2 (NDRG2) in the neuroprotection of sevoflurane preconditioning in
ischemic model both iz vive and in vitro.

Methods: At 2h after sevoflurane (2%) preconditioning for 1h, rats were subjected to middle cerebral artery occlusion for
120 min. Neurobehavioral scores (n = 10), infarct volumes (n = 10), cellular apoptosis (n = 6), and NDRG2 expression
(n = 6) were determined at 24 h after reperfusion. [z vitro, cultural astrocytes were exposed to oxygen—glucose deprivation for
4h. Cellular viability, cytotoxicity, apoptosis, and NDRG2 expression (n = 6) were evaluated in the presence or absence of
NDRG2-specific small interfering RNA or NDRG2 overexpression plasmid.

Results: Sevoflurane preconditioning decreased apoptosis (terminal deoxynucleotidyl transferase—mediated 2’-deoxyuridine
5’-triphosphate nick-end labeling—positive cells reduced to 31.2+5.3% and cleaved Caspase-3 reduced to 1.42+0.21 fold) and
inhibited NDRG2 expression (1.28+0.15 fold) and nuclear translocation (2.21 £0.29 fold) in ischemic penumbra. Similar
effects were observed in cultural astrocytes exposed to oxygen—glucose deprivation. NDRG2 knockdown by small interfering
RNA attenuated oxygen—glucose deprivation—induced injury (cell viability increased to 80.514.1%; lactate dehydrogenase
release reduced to 30.5+4.0%) and cellular apoptosis (cleaved Caspase-3 reduced to 1.55+0.21 fold; terminal deoxynucleo-
tidyl transferase-mediated 2’-deoxyuridine 5’-triphosphate nick-end labeling—positive cells reduced to 18.2+4.3%), whereas
NDRG2 overexpression reversed the protective effects of sevoflurane preconditioning. All the data are presented as mean + SD.
Conclusion: Sevoflurane preconditioning inhibits NDRG2 up-regulation and nuclear translocation in astrocytes to induce
cerebral ischemic tolerance viz antiapoptosis, which represents one new mechanism of sevoflurane preconditioning and pro-
vides a novel target for neuroprotection. (ANESTHESIOLOGY 2014; 121:549-62)

EVOFLURANE is a widely used inhalational anesthetic

in clinical practice. Accumulating preclinical evidences What We Already Know about This Topic

* The mechanisms of anesthetic-induced preconditioning

have demonstrated that preconditioning with volatile anes-

thetics, such as sevoflurane, could induce ischemic tolerance
both in vitro and in vive."? The mechanisms underlying
sevoflurane preconditioning were associated with inhibition
of apoptosis,? activation of mitochondrial adenosine triphos-
phate—sensitive potassium channels, reduction of excitatory
amino acids,’ and many more. However, the mechanism is
not fully understood.

As the most abundant cells in central nervous system,
astrocytes have crucial roles in regulating neuronal death
and survival after cerebral ischemia.® Thus, astrocytes may
be the potential targets for ischemic tolerance induced by
precondition strategy. Previous studies showed that sevo-
flurane could increase the glutamate uptake of astrocytes
under physiological circumstance’ and delay the activation
of astrocytes under different pathological conditions.®?
In this study, we focused on role of the indispensible

against cerebral ischemia remain unclear but are crucial to op-
timizing neuroprotection strategies

* N-myc downstream-regulated gene-2 is an astrocytic protein
implicated in ischemia-induced neuronal apoptosis

What This Article Tells Us That Is New

® Using in vivo and in vitro models of ischemia, sevoflurane pre-
conditioning reduced astrocytic N-myc downstream-regulated
gene-2 (NDRG2) expression and neuronal apoptosis, which
was counteracted by NRDG2 overexpression

* Reduction of astrocytic NDRG2 expression by sevoflurane
preconditioning is a novel astrocyte-mediated mechanism for
anesthetic neuroprotection

astrocytes in the neuroprotective effect induced by sevoflu-
rane preconditioning.

N-myc downstream—regulated gene-2 (NDRG2) is one
of the special genes that mainly expresses and plays its func-
tion in astrocyte rather than neuron of the adult brain.!
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Electroacupuncture (EA) pretreatment is a recent observation which has been shown to induce ischemic tolerance mimicking
the ischemic pretreatment, suggesting that EA pretreatment may be a promising preventive strategy for the patients with high
risk of acute ischemia/reperfusion injury. It was first described in the brain, then in the heart where EA stimulation at acupoint
prior to ischemia led to neuroprotection and myocardial protection and induced rapid and delayed ischemic tolerance. Then
the optimal parameters and acupoint specificity of EA pretreatment to induce protective effect were proved. Many studies have
shown that protective mechanisms of EA pretreatment may involve a series of regulatory molecular pathways including activity
enhancement of antioxidant, regulation of the endocannabinoid system, involvement of beta-adrenergic receptor, and postreceptor
signaling pathway, inhibition of apoptosis. Recently, the neuroprotective and cardioprotective effect of EA pretreatment had been
demonstrated in patients undergoing craniocerebral tumor resection or heart valve replacement surgery. Thus, the purpose of
this paper is to collect the evidence for the neuroprotective effect of EA pretreatment, to summarize the proposed protective
mechanisms of EA pretreatment, and to discuss the possibility of EA pretreatment as a new preventive strategy for patients with

high risk of ischemia in clinic.

1. Introduction

Stroke is the second most common cause of death and re-
sults in a large number of people with disability worldwide.
Strokes are either ischemic or hemorrhagic, but more than
80% of stroke cases are caused by cerebral ischemia [1].
Although many neuroprotective agents have been proved to
reduce infarction volume and improve neurological recovery
in basic research with animal models of stroke, few of
them show effects in clinical trials [2, 3]. Moreover, most
of the currently used pharmacotherapies are focused on
treatment after ischemia, such as tissue plasminogen activa-
tor (t-PA), to remove the thrombus and reestablish blood
perfusion in ischemic region. Although t-PA facilitates the
revascularization when given at the early stage (up to 3h)
after ischemia, the safety and efficacy of t-PA at late stage
(beyond 3.5 h) remain controversial [4]. The neuroprotective
agent Edaravone, a free radical scavenger, has been approved

internationally to treat cerebral ischemia recently. However,
it can neither stop the process of infarction or edema after the
stroke, nor improve the neurological outcomes of survivals
[5]. Although there are some effective drugs like antiplatelets
and anticoagulants to prevent stroke, the possibility of caus-
ing hemorrhage has limited the application of these drugs.
Therefore, it is a huge and urgent medical need to develop
novel and rational strategies aimed at preventing ischemia/
reperfusion (I/R) injury as well as reducing impairments
caused by I/R.

The phenomenon of pretreatment induced ischemic tol-
erance provides a new idea for the prevention of I/R injury.
The pretreatment effect is that a brief exposure to sublethal
or noninjurious stimuli can increase resistance to the sub-
sequent prolonged and lethal damage [6]. There are various
kinds of pretreatment measures, such as ischemia (regional
or remote), hypoxia, endotoxin, cytokines, and anesthetics.
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Electroacupuncture pretreatment attenuates
cerebral ischemic injury through a7 nicotinic
acetylcholine receptor-mediated inhibition of
high-mobility group box 1 release in rats

Qiang Wang™, Feng Wang', Xin Li*, Qianzi Yang, Xuying Li, Ning Xu, Yi Huang, Qiaomei Zhang, Xingchun Gou,
Shaoyang Chen and Lize Xiong"

Abstract

Background: We have previously reported that electroacupuncture (EA) pretreatment induced tolerance against
cerebral ischemic injury, but the mechanisms underlying this effect of EA are unknown. In this study, we assessed
the effect of EA pretreatment on the expression of a7 nicotinic acetylcholine receptors (a7nAChR), using the
ischemia-reperfusion model of focal cerebral ischemia in rats. Further, we investigated the role of high mobility
group box 1 (HMGB1) in neuroprotection mediated by the a7nAChR and EA.

Methods: Rats were treated with EA at the acupoint “Baihui (GV 20)" 24 h before focal cerebral ischemia which
was induced for 120 min by middle cerebral artery occlusion. Neurobehavioral scores, infarction volumes, neuronal
apoptosis, and HMGB1 levels were evaluated after reperfusion. The a7nAChR agonist PHA-543613 and the
antagonist a-bungarotoxin (a-BGT) were used to investigate the role of the a7nAChR in mediating
neuroprotective effects. The roles of the a7nAChR and HMGB1 release in neuroprotection were further tested in
neuronal cultures exposed to oxygen and glucose deprivation (OGD).

Results: Our results showed that the expression of a7nAChR was significantly decreased after reperfusion. EA
pretreatment prevented the reduction in neuronal expression of a7nAChR after reperfusion in the ischemic
penumbra. Pretreatment with PHA-543613 afforded neuroprotective effects against ischemic damage. Moreover, EA
pretreatment reduced infarct volume, improved neurological outcome, inhibited neuronal apoptosis and HMGB1
release following reperfusion, and the beneficial effects were attenuated by a-BGT. The HMGB1 levels in plasma
and the penumbral brain tissue were correlated with the number of apoptotic neurons in the ischemic penumbra.
Furthermore, OGD in cultured neurons triggered HVMGB1 release into the culture medium, and this effect was
efficiently suppressed by PHA-543,613. Pretreatment with a.-BGT reversed the inhibitory effect of PHA-543,613 on
HMGB1 release.

Conclusion: These data demonstrate that EA pretreatment strongly protects the brain against transient cerebral
ischemic injury, and inhibits HMGB1 release through a7nAChR activation in rats. These findings suggest the novel
potential for stroke interventions harnessing the anti-inflammatory effects of a7nAChR activation, through
acupuncture or pharmacological strategies.

Keywords: a7 nicotinic acetylcholine receptor, Cerebral ischemia, Electroacupuncture, Pretreatment, High-mobility
group box 1
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