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HARD TR O EALIE, FkNFE (21%). FERPHEEIE (16%). #EEE

FEVEIE (12%), MEEBEZAM (10%) TH Y. Wb BRI HEEOEE I

Lo TRIIZED ZE LW QOL DIET ZH#i < (Wako et al., 2014) (Fig. 1),

BRAEE, 21%

HRR A RIRAE,
16%

RMZE, 10%
RRERENL,

12%

T

Fig. 1 The rate of visual disorder in Japan.
Source: Nihon Ganka Gakkai Zasshi 118: 495-501, 2014
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HEHELTWD, WF ., ZEOEMIRE —>OBMA S L, 50 PR
fel 23— > DA EI AL & #2589 DN & & 523, LD E ISRV TR
fe - MR EI AR OB A IXIFIE 1 1 ITEL b 72— DDAl o B E M
23\ (Curcio and Allen, 1990; Dacey, 1993) (Fig. 2 X Y Fig. 3), 7. HOLEICIX
1 2 B MR E N I WD RAFR RN 2452 Z &N TE 52— T, Rtk
IR CTRIEMIR 2% L CHEFs Td 5 (Campbell et al., 2017), R FEE D _EA7 %
15 6D 2 NN B BE A PSR PRI IEE I N R E A2 T 5720, HERERT
KTZH<, ZNHDORBICI Y WHEMAIEEZ 5 125 EHEOTLOELE
I & LT, HLIEANE TR TIRIME T~ LB LFOFHHAEZPED
FIRINTE W ER AR EZ & 727, b MIMIR Ty 2 % 72 91
FERZ AR LIS <, JERE BR LIZRRIZIRENAEIT L WA EIH D7 < 7
STREDWHEEIZ R D ATREE S Z 2 bILDH O T, BEIFR RO OIS EH 28
BENLETH S,

RReR R
© Japanese Ophthalmological Society

Fig. 2 Structure of the eye

Source: http://www.nichigan.or.jp/public/disease/momaku_Kkarei.jsp



MR B D & MR LD

(EBIER)
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fRfaRa
(FFAHARA, SR HARE)
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Fig. 3 Connection of retinal ganglion cells, bipolar cells, and photoreceptor cells at peripheral

and central retina.

DN g BEZEVE I IRICKIZ 81T D ORI R SR T O ERIATH D, 1998
I HARTIT O AUETHIIEIC X 5 & Il g BE AV E DA% 50 Ll Lo
0.9% (K37 T AN) TH V., 2007 FDOHETIE 1.3% (£ 69 77 N) &b SquTwn
HZENG, @R EDETIZON T E HIZEFEOHMM A I 415 (Yasuda et
al., 2009), MNEREEBE M OIRREIZIT F I AL & FEHERL D 2 X A 7 OIRENIFE
L. AIETAFZE Tl A 1.2%, MR 0.1%0OHIA TRENFET 5 Z & N #
H X TU 5 (0shima, 2001), HA TN EEEEZMED K08 AL L 72 2 78,
KK TIHEIEO BE N EMER T, B OBE L 10~15%Ff2EE TH 5 (Ambati
and Fowler, 2012), #HAITlE, MR &SRB O RN E T 2 IR & FEIZ I 5 56
N OIMEFENEL D, ZOEREFME DD OMES DI K 2V ES,



B MAE PSS 2 2 LI L DI & - THEEESAMEE L 5 THIMETICE
% (Ambati and Fowler, 2012; Nowak, 2006), L7=73-> T, Z OEFEME DIEE%
S U<IERELERFNE ZIBMHSE D 2 ENRRIEL 2D, EWInR L
LTl A& H4E o FEHRE CTH % Vascular endothelial growth factor (VEGF) % 4%
e LEERETHLT 7Vt T~ (T4 V=T o VSRS
), FobERX<T (BT 4 R® JNLT 4 AT < RS R ED
T RPNIER M T o, ERRENEFICED WREMEZIMA DL Z LN TE 505,
2O LEEEENISETH D . BINGROLE S b 5 T OEREORENH %,
F72. VEGF [HEEDDREZRILRWVWEE (VU VARV F—), BREE{T-o
THENEITHHEE (XX 7 4 T7F v —), VEGF [LEHKOEHIZL>T—
FFAIZRI R DG O N THORENHRE T 2BENFAET LI LVIMERLH D
(Eghgj and Sgrensen, 2012; Kim et al., 2017; Kuroda et al., 2015; Suzuki et al., 2014),
—J7. ZEMEIIARE R R T D0 > TR O, e & LTl AR bR <
MM 23 R 2 (2P S AL, M O SEHEAL O M PR Z i & £ 5 JWRE Tdh D
(Ambati and Fowler, 2012; Bowes Rickman et al., 2013), ZEHEAIIZHAED & = A
We7RIRFIER R ND T, T4 T AZ AL BAETFERBEDFRES Evidence-based
medicine (EBM) (ZESWe 7 ) 2 0 MEIREZITWRREBIZ T 5 Lo, B
SRR DOHE N EEN TN D, KETIIREY A 7 A FfE s LT, =3
J ARL NERE (BHA—NLT 7 ARRASH) & ZHE RN S5 822 D
TR L LCRAE LTy, BRIARGBR O 2/3b AHFER T RAF 2R 2155 =
ENTEPRARE LTHEFREDO WKL N TV D,

BERIFHENIE (X, BEIRIG O ZREPHED—>Thd V| 2010 F O BEFUT SR
F17C 145 2,000 7 AFREETH 1 | 2030 4RiT13 11 9,000 5 AU E THIINT 2 & #E
XN TV 5 (Zheng et al., 2012), JEtkAHETT 2 L& BARERE RIS REIBE~L £ |



e MBI & o TR A AR 7B I 2SR L, 2 o i O RhE S
Ko TR M AVE Z 0 BB ARHHMR TR Z 5, £72, HiMic k- THE5H
PEARRRANHEL L. 2 MG N A2 R LR A - 52 itk - T
HHRAPMET T2, FERFEBYEDOREICEAD LT L 56 0HE L L THREIRA
BRI G LT D, BERIFREEIC X o THE U7 Bk g 23 ik fe L ik
RIS EREEE A~ T2 &, SEEOIICERENE 2 EEAREIEESEZ 5,

ZORREITZEETH Y . BIIRIEER IS K > CTRFTERIE £ 721300 F AR
LW &, TR (optical coherence tomography ; OCT) (ZX > T, A
R IRENE, BRARREL AR DIRERREZ S5, 6122603
DOOJFRBITHMTAEC L2 TIERLSHAICHEHAGDIND T LI X > THAE

e & 72 5 (Fig. 4),

w8
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o o AR ORIFIE
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A A BhatkiziE
BhatkZE SRR Lt
SRR

Fig. 4 The types of diabetic macular edema

Source: Toidaishi 72 (3): 213-223, 2014
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B DRI AR O VERR I ZA NI T ME = o b — 24T 9 23, SER OEITIT
S THAME Z L——ChH L, BrAEfE ORED TR AE LI H A e
DD 2 H Y &3 2 HEBOGEEET-C, 7 I -CHEEREE EC T L -7
G I3 AT & o THILOBRESLHEE L 72l 2 ol ZR i Thoh
Do BEIRIHEBETEIRIZ 6h Ui, MG EE R ir-Oof AT LU & ZEM 76
& U THAME 2 b O Mgk s I & 2 BB E 2 sl 2 BTt 7
4 RO T A Y =T O ED VEGF HEHS AT nA RCTHDH M) T Ay my
7% k= K (Triamcinolone acetonide ; TA) (% ¥ == K®; b & Uk S
1) OIRNER BT ORISR Z I T D, Lo L, BRI B IE 0O J HE
X2 TH Y | VEGF OKJENVEY A Ml A L OBJEE G Fe D | BAOTER Tl
SEROFRF L OESOEEITEE LW L b H 5, TA 13#H5#%K 3 » ., VEGF
PR & e G840 1~3 o AREFZEIMHIDIRZFT O N D08, BIREK D &
R0 L 72 % (Beer et al., 2003; Gaudreault et al., 2005), TA X EMHIIH = %
MW OO, ANELCIRE EF-O U 27 25, VEGF FAEHE S TA bIER 2R
T, mEERIGR T, ERGIC X SRIEN . IRRBIROBE 2 & EH
IR G T DT ELLDEITH Y A7 b 5,

TN B R 2R P SO BE IR B DV D I 9 IR IR D R WIRERS — TE DR &
5 b DDOIERNBRER 72T L TRERIHD A D = X L2 fEHT 5 2 &1,
Bl IR RIE DRI SR N D EEZ BN D,

AMFFETIL, AR ZRTIGIRIE D 72 ZEE RN s s D28 VE O T B MR A & Wi
AL L TRBET LV TH D~ U AMBLIETE T 7 V2 AW ka4 O 3%)
Pl AAT O & & HIT, AW LB R OVE DIERI D RBOIRIFEIE L LY 5 5 7]
REMEIC DWW TR 21T o7z, £7o. MU T Ly mr 7 h=ROEHD AT

ZALD—E T D 2 LI X o TR EEBTAIE DB DRI ORIT 5



ZEEEME LT EIT T,

BB CIIEMRANE B A T T L Th D~ U AEEDLEEET LICH L
THIBALR (T VWV ADR Dy —) THHZL TRy (FVH v £ |
RS OB RFTT 5 2 & T ERRINR A ORRE ISR T
HEEA L ADOBE & =X TR N ERFRNS B A ORI L R 0 155
ATREMEZ AT L7, 26 “E Tl ~ U AMBEOLEEE T T3 LTl sa v
PHEHLTH % SNI-1945 DH) 2 5Pl L. ZE Nl sa BEAPEIZ IS 1T % J1 /v rsA
> DG J OV SNI-1945 DRI DAl & 72 V152 WRetE 2 Mgt L7z, =% T
(3HE R ME B R O IRRE D — > Th DM E Zm M 2 e e L TR Y 7 A
v/ ur 7 k= NOERBERFERa Lz,



H1E MAENEEET VICBITDT OV ATR Yy — ORI EEH
FLH REES

BANIZ VI AR AR 2 fEE T, KECHEFRAE DA & 72 0 R fEIZidd
DR ORBICHERET S, ZOHEMMZEEIZI I 2IFRA|E SN TEY .,
TEVERRSEC—BR(LZE#E (Nitric oxide : NO) DREA, MM Ca® JBED &7, I b
a R TORE 2 ENEE L TWD & STV % (Wenzel et al., 2005), AR
THIBII B IR BROM L VWEE TA— 4% K (0;) ilfilkF
(H02) D & 9 7R IBERETE AN FEAE Lo U0 HEIZ Op %2 H0, D & 9 7R IR MERETEAS
HEERNOERA AV REMRESLTAELDE FrSX T UL ((OH) IX
FAL D DIIEEICTRS . IBE. Z oI H, BRI EOERRy 2 HE L, 2R
ROMEFR OMREIC B2 52720 . DNABIBNC Ko CERZ R Z 72 Efkx 7
R KAE T, LA b LR LITAERN TORIEIR & IBILES DT o A
ISEARLIZIRRED 2 & T, ML A b L A& 5 L IHEIE R O EMEIZ L > T
PREEHIRSE A Bl R Z L, WREZ 456 & LTokRkx IR ORR & 725 Z & A
FABHILTUW D (Pettmann and Henderson, 1998), 18 E D YGIZ &8 S5 2 & i3k
FEPEZEME DR IESCIEAR DS T L B L T\ 5 Z & /25 (Cruickshanks et al., 1993).,
EYET BN T HIBEOEIRGNIT Lo TRBEO M ZMERS 4T 5 (Noell
et al., 1966; Shahinfar et al., 1991), Y:FREHIZ L » Tl = 2 MM IaZE ME O JFURN X
BRIG ER OB A B 72 EAkx H 0 | LIRSS U 72 BRI S BLIE N ET & OIS
b A b L ABEENE T T (Demontis et al., 2002; Yang et al., 2003), i
Tl 0, % Hy0, 1225 #2932 Superoxide dismutase (SOD) <2, H,0, % /K & f2 32124y
RS D72 T =8, TIEFA L DIFET T H0, BRI 7V 5 F A L KIZ
BILT DI NETFH NN FF U H—EBREOBHXIZL->TI har KU TO
I L - THEA SN DIEMRRFE OBE) Hifila 2 xi# L T\ %, SOD 73t



(ZRERE L WIBIn FE~ U AT, R X HMREENEE L, S 561
FRfb A N L ADIRIEED 1 5T 5 4-Hydroxynonenal & Y 4-Hydroxyhexenal o FE
AENRAMR CHEIN9 % (Tanito et al., 2005), F 7=, HIREHT X - THREBEHIZ H0,
DOEEMNAE UM E 2 35%9 % (Yamashita et al., 1992), Z#HLHDZ i,
HBREHT X > TRV Th % 05 . HOp. "OH B3EEAE S, FRL A b L RIT X
S THBEHAMIEEE LB D LB LD, TN HEEEEDO Y 27 7 7 7
F—=D—DOTHHILHHONTND, MMiisE & bIEHEDOIREINMWE TH S
URTZAFUNEET D720, minE XLV ERBICLIRELZ TR
% (Warner et al., 2013), U R 7 A F 3@ AR EEHIRNO U Y Y — KD
AN 2L L ENTICRET 2 ERD D EE LR E TH 5
(Kennedy et al., 1995), F7=. MAIIERFRHE S m TEMERRR DIEE LT UW0E
ik C o D M O MAREAERIEE b &V, $hobb7 V=i
K D NREI@EBRCBOG S E AN R E S <L 2 D7 OB ILREE %
ZIFRTNEEZXLND, ZNHO I MBI LA N L ADREE
PDHRESNTNDIENDEXD &, MEEBEZAMEICKR U TE{EA b LR Z4E
1) & T DRI TR E R HFF T X 5 (Beatty et al., 2000),

210 TR i 2 BRE 25 4 D FR R TR AR MG oD ZE M 12 &k o THBEIE 23N 97 %
(Pappuru etal., 2011), & 527 v MIWEONEZ G325 Z LI X - THAMRE
PEZIZ U & U7 MBI B A M O R E L JE 0l L - I e 78 &
N5 (Marc et al., 2008), ZiL5H D Z & 7B WFEEE T /LI ZEMER N B2 M
DROMIEORREE FE T 5 Z LN TE, HEMIIICHV O ET LO—
DL LTSN TWD, HEICHBEDLREE 7 V2 0 TR % 2 5TIR(EE O
WERDPRFTSNTWBED, FERHL SN2 DiE72 v (Organisciak et al., 1992;

Ranchon et al., 2001; Tanito et al., 2002, 2007), % Z TEFR THEH STV 2 Hifig



EHTHLTFTRAER Lz, =F TR (FV0y 1®) (HiD ZZEREEK
Ath) (T ZE D SV K OV A MERI SR A LI (ALS) OiRJESE & L CTRRIR
THEHINTWD, = TR TG T T 50%203 7 =4 & LTEEL
THY. -OH, ONOO . JEE~NLAF LT AL (LOOY) 12kt L T=H TR
VT EFURNBELEMRET Lo TCTVINARIR Y U TERE AT
(Yoshida et al., 2006) (Fig. 5), #ARPN 512 X - THLRAMEI Y & @i 4 5 7= 8 Mk
HEREESY (blood-retinal barrier: BRB) Z @il LfEIRICET 5 Z EnE 2 b, =
512 N-Methyl-p-aspartate (NMDA) (2 X 5~ 7 AR EE T LB WT, v 7

A AR LB AR AE 2 i3 %  (Inokuchi et al., 2009), FEEISH S Tnb 2 &

BB RSN T IRRISHIC L 2BIEHOBRELEVWEE XD,

O 0

)J\ -LOO LOO
Vi TN \\\ N
W AN\ / — LN
W /4 W N\ //
N e /._N \ /
H,C HyC
Edaravone anion Edaravone radical
0 /
{_ —
-00 4\) N{ >
/'l /
=
H,C
0 /
O N\ H,0 _COOH /7N
— N ; —— [ e o HN—,
\ h’j“" M) \‘ ;Jf \
H;C H_\,C/
4,5-dione OPB

Fig. 5 Interaction of edaravone with free radical
-LOO, lipid peroxyl radical; LOO° lipid peroxyl anion; 4,5-dione,
3-methyl-1-phenyl-2-pyrazolin-4,5-dione; OPB, 2-oxo- 3-(phenylhydrazono)-butanoic acid.
Source : CNS Drug Rev. 2006 Spring;12(1):9-20.
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1 ETIEH, v U AMEEEEE T ICRT A =X TR v O EIERH &
MEd 2 & &bz, ZEMEBNE AN LR LA N L ADOREIZ OV THFSE L
77,

FH BB RO
2-1  EBAE

ARREBRICH W EY R OGAIKITI TRRD LB TH 5,

NTHRNVAET VT B R (Paraformaldehyde), A2 ©— A (Sucrose), ik U
2\ (Potassium chloride), =4 /—/L (Ethanol), * % /—/L (Methanol), 1&f%{l.
/K% (Hydrogen peroxide), > 7 /v N> 7 »— (Sample buffer), — 4% Z &K
(Edaravone) (ZFneitidE T 2Rk (Osaka, Japan), Block One-P, ~X1 k3L
v 4% — /L (Pentobarbital) . V »EE/AKFE -~ MU 7 A - 12 /K (Sodium
hydrogenphosphate 12-water) & YU g /K387 U 7 A ZKFi# (Sodium
dihydrogenphosphate dehydrate) 137 % 7 A 7 & 7 k&4t (Kyoto, Japan), %3
L > (Xylene), #ifk.7 ~ U o 2 (Sodium chloride) 1% o Z b2kt (Osaka,
Japan), 7 1 v 7 =—AZ (Block ace) 1% K HAfEA BN S (Osaka, Japan).,
a5 —L® (Ketalar) 1355 — = kXS4t (Tokyo, Japan)., &5 7 % —1®
(Celactal) 13/31 = /LI REAS4E (Osaka, Japan), O.C.T. compound (X472 7 7
7 A T v 7 A EHE (Tokyo, Japan), Vectastain elite Avidin Biotinylated Enzyme
complex (ABC) kit, M.O.M. immunodetection kit % U diaminobenzidine (DAB)
peroxidase substrate kit |3 Vector Labs (Burlingame, CA, USA). In situ Cell Death
Detection Kit [% Roche Diagnostics (Basel, Switzerland), Protease K solution X
Invitrogen (Carlsbed, CA, USA), TSA Biotin system |% Perkin Elmer (Waltham, MS,

USA). RIPA buffer, Protease inhibitor cocktail, Phosphatase inhibitor cocktail 1,

11



Phosphatase inhibitor cocktail 111 /% Sigma-Aldrich (St. Louis, MO, USA), Super Signal
West Femto Maximum Sensitivity Substrate (& Thermo Fischer SCIENTIFIC (Waltham,
MA, USA), A1 &% >~  (EUKITT) i O.Kindler (Freiburg, Germany), Can get signal
solution 1, Can get signal solution 2 [ H7E#; (Osaka, Japan).,

Mouse anti-8-hydroxy-2’-deoxyguanosine (8-OHdG) monoclonal antibody i H A<&1L,
HIEAFZEET (Shizuoka, Japan), < RV > P® (Mydrin-P), # -+ 7L 2 >® (Cyplegin)

I35 KRR A1 (Osaka, Japan) X W BEA L7,

2-2 EERIjik
2-2-1  FEEREMW)

10 A EHHEM: ddY ~ 7 2%, BAT A Ly —k& 4 (Shizuoka, Japan) £ ¥
WA L7z, B3 A Bk T ICE R (CE-2; CLEA Japan, Tokyo, Japan) % H
WTHEIE Lo, EREAITOITHI - L, EERERKRFEME T - S ERZE
BRCEWEBRAGRRFE TV, P22 7 ECEm LT,

2-2-2 FHFEMEIEEEET L

~ U A% 24 BRI TERE LIRS S, JBHRET 30 ZoRiic ¥ 7
LUV R i Stk SR Y OBEE T TR E o T @Ok
(Toshiba, Tokyo, Japan) % FH\ T, 8,000 lux ®J:ERHE FC 3K~ 7 A &2 fH T
52 LR AR TE 2 A L, DEIRES R oS FBRERIL 25 + 1.5 °C ZHERF L
Too JEHREE. ~ U A& BEET 24 FHEH LT O%iEH oW SR (R 4

fi 8:00 - 1% 8:00) (2R L CEE L7=,

2-2-3 IO OMILE

12



TH TR AL, EEEERICER LS Lo, EENE S (intraperitoneal
injection; i.p.) (CITAEBHAEEE/ZII= X 7R 3 mgkg % . &AM &5
(intravenous injection; i.v.) | ZIFAEBRIEIK E7-1X=4 77 1 mglkg & W CHE
Mzt Uiz, BN SG- Tl R 30 ali & N E#, £0% 1 A 2 [\l
H U7, BIRNERGIZ= 2 Z R 1 molkg O & TS 30 25l & FRETE
Beh Uz, WEERECIE, ZN VAR RERE 10 mikg &5 L7,

2-2-4  Electroretinogram (ERG)illl &

ERG (Mayo, Aichi, Japan) <
YRGS 5 AR ITHE =N TR EAT
TTCHEZEZIT- T2~ T AL
ED 24 KRR & K12 Tl

B LEIES S, flEdTL~

U AR, A E T (rE R

bik

Fig. 6 Waveform of ERG in normal retina

VHEWAYE & L C 120 mg/kg)

ROt T 74— (T

VUMRRE & LT 6 gm/kg) DIRA R AEENE G LT, MBEOEREZ ., v U
ADWELE I R > POZAIRT 5 2 & TS 72, ERG X, ~ 7 ADAMIC
JEIRAT & ORIEEM (Mayo) 4 #2fih =, RBIEM: (Nihon Kohden, Tokyo, Japan)
B~ AOAWNIZ, 7 — A& (Nihon Kohden) %~ v 2D JRAHT DR FIZHfA
%, TOBRE LIMEESRMFEONIC L o> THERZ ARG 2 2 & THIEZETTo 72,
HIE L7z ERG DIETEND a i & b i OHRIE 4 51 LR 217> 72 (Fig. 6). a ¥
(ARG B D FI B RE 2 FFM 3~ S R & LAV, b X X = 7 — Mgk
Hife 72 & ORI g O AR RE 22 FFAM 3 2 8 & L THIV 2,

13



2-2-5  HARkEROAEAT

2-2-5-1  FREGIA DOERL

~ A, R b H— v R U 7 A (80 mglkg) A MEMENEETHZ &
TLIEII T, BEIOMERE, REKZMH L 4% X7 RV LT VT e RER
0.1 M U VEEFEMEWR (pH7.4) ZiE AN G- L. [FRH T 24 FERIIRER % [E & AL
H U 72, [EELER%, BRERIX 70% = & / —/L 2 B, 90% % / —/ L 2 B[], 95%
T X J—)b 2 BEf, 99% = & / — L 12 BEf, MKk X —/L 2 B[ X2 ], %
YLy 2 EIX2 Bl Ll 12 Wi @RS T T 0 2 2 IEE X2 [|], oS
774 RFMOIEIZENENRE ST, £O%, IREKE /N7 7 ¢ o Calil
L. X7 a h—2A (Leica, Tokyo, Japan) % T 5 um OJE S (2D LIERLL 7=
Ylh & A F A4 FHF % (Matsunami, Osaka, Japan) b C— H il & B E IR THRAF
L7,

2-2-5-2 ~v R XY AT Y

HEU LRIV L ICEE LTI 7 4 VAR ST, F D% ER R

ICBEEY Tl ) —ilizd &8, REKIRBSEE%, ~~ XV
RIZ 2 3L =AY URRIC b RE ST, £ 0% S BIZBERICIRE &
I Z ) =V THRARRBEL 2TV, RBRICF L TRELAA Ty h &2
WTHI R ZE A LT,

2-2-5-3 S E N EHT Y O ER

<~ AE, Ry oL H— 1 R U A (80 mglkg) AMEENE ST HZ &
TREIES Tz, BRIEDOMER% . KA L 4% T RV LT AT e FEAR
0.1 M VU U EGEETR (PH7.4)Z IR G- L, [RliH T 24 Byf][E e LB L7z,

14



DNWT, 25% A7 1 —AE4H 01 M U U EEREMEKR (pHT7.4) (TAZHA L, 4°C T 48
Rp#E L=, £ D%, O.C.T compound %z W CHRERZAHE L, Y] % C¢-80°C

IZCRE LT, YL VA AH » b (Leica) & HWT-20°C TE X 10 um DY)
RHEERLE, U LEZUARIE MAS a—F7 4V 7 ENTEATA KT
A (Matsunami) (285D 11, Y 21T H £ C-80°C IZTHRE Lz,

2-2-5-4 TUNEL %4

-80°C THRAF L 72 BUREBI A 4-20°C C 1 IR Al L 72 #% | == T 10 Sy [HIHCIE: &
4. Phosphate buffered saline (PBS) (Z{2 L C O.C.T. Compound % #&i# L7z, = ®
#% . Super PAP pen (Invitrogen) (Z CHUGNR Dt 2 B < 72 1280 7 o JE PR 2 P A
72, TUNEL %:{4(Z1%. In Situ Cell Deah Detection Kit & O TSA Biotin system % H

V72, JK T Permeabilization buffer © 5 23St &, HURDREMZ m T2,
Peigtt, TOMRM LKE L TRBWIGHHIE (TdT Enzyme : labeling safe buffer
=1:10) &5 F L. Felbh D=0 0 3 —H T R & Fet T 37°C T 60 3B S &
iz, TDH% PBS IZ X DWEHZITV, KIEEMES AR Z O TEA Lai@igE L
7o

2-2-5-5 fuiEYLfa

-80°C TRAF L /=il i 4 -20°C © 1 BRI E L7 #., IR T 10 2y et &
. PBS Z{® L T O.C.T. Compound % {4 L7-, % D%, Super PAP pen (2 T/Jx
ISR O 2B S Te IO R O JF 2 AT, 0.3% H0, &H A F / —/T 10
Sy RO S/ 7=% . 1% Bovine serum albumin (BSA) K& O8N TY 1.5% Normal goat
serum T 2 FEfHl v vy X UV L, T vy X 2T K,

8-Hydroxy-2’-deoxyguanosine (8-OHdG) #tfk (1:20) % T 37°C T 2 IReff st

15



SH7-, FD%. “IRPUAK Biotinylated anti-mouse 19G (2 & > T 1~2 BRI K& &
., Vectastain Elite ABC kit A2 " DAB peroxidase substrate kit z v TH A L7,
Yetath, 2-2-5-1 CRBRICBBEIC T L2 — Tk L, 2 L Tigid LEA
L7ce XHT 47 a3y bu—/Wid, =kt zRWea s hr—r a2 HEL,
—RHUR DR B O TR 21T o 72,

2-2-6 UTAZ LTy MEFT
2-2-6-1 FURHRHL

~ A, X2 RV E X — L (80 mg/kg) DIENENIEREIZ L o TLEIE S+
Io BWHRIEOHREZR., ~ U ARKZMHHL, SHICHEBEZHEEL, ~1 270 F
2 =7 DOHIC AR, RIS TR STz, Yo 7 Wi i £ T-80°C T
R Uiz, & v X7 B2 RIPA buffer [50 mM Tris-HCI (pH 8.0). 150 mM
NaCl, 0.5% 7 4> 22— /L) ~ U 7 A, 0.1% Sodium dodecyl sulfate (SDS).
1% Igepal CA-630] . Protease inhibiter cocktail, Phosphatase inhibiter cocktail 11 &
NN ZRALX 78K E L THW - (FNE1100 01 :1: 1), MEEIC
%L C100 uL o & > 37 B & 0 L A€ A ¥ — (Psycotron, Microtec
Co., Chiba, Japan) Z I\ TOKH T30 AT T A X LT, £Dk, 20 5[k
HZHRE S, 12,000 xg, 4°C. 20 Jr [l OB L7, w2050 L 7z 13F 2 B
L. Zo"7 Bk e L,

2-2-6-2 X L NJETE
& R B E BT BCA Protein Assay kit 2 W CiTo 7=, A X X — R L LT,
Albumin standard % 0~2,000 pg/ml O EEFLFH T H 2, ARIKIZIE RIPA buffer

Rz, ENENOY 70 RIPA buffer T 10 547 L 7=, Working reagent

16



UM%, 37°C DA % 2 _X—F —T 30 /i S, % D% Varioskan Flash
(Thermo Fischer SCIENTIFIC) % VT 532 nm OWICEARIE LZ, ¥ /308
JEEEIX. RIPA buffer % AT 10 pg/ml (ZFHEE L, REDOH TRy 7 57—
(20% 2-Mercaptoethanol &) ZMx T 5pg/ml & Lz, AEZEOY 7, &

KK E) £ T-80°C IZPRAFE L T2,

2-2-6-3 FEXVKE K QHRE:

B R RIS AR LT TV %-80°C M BELY H LK B & s
& 100°C T 5 ZyfiAwpLEE L, =2 T 5 4. 12,000 xg Tl L7z, SDS
polyacrylamide gel (SuperSep 10%) % HV>, 1 well 4720 OPIMEIL, 0T E~
— =% 5uL, FEYV T NESug L Lz, U ETRN%, v LS
20 mA T 70 53 [HikEN L7, vkENR, 7%

1z 15 43[R L7=, #5750 (Immobiron P) (Millipore, Billerica, MA, USA) 1 £ #
J =V 30 BORENE L. BRI 15 A0 fEliR L=, & D%, Anode buffer 2 (25 mM
Tris, 20% A % / —/V) |2 15 oy fliR L7z, BGfi{fil7)~ & . Anode buffer 1 (0.3 M Tris,
20% A % J —)V) (i L7= A&, Anode buffer 2 [Zi8 L7= Afk, Ez5 5, 7L, 2
¥ Cathode buffer (275 L 72 AHEOIEIC B, #25MEE 1 #2472 0.8 mA/cm® T

45 SrHRE LTz,

2-2-6-4 DUTAXTa T 4T

fi5 5. 0.05% Tween 20 &4 50 mM TBS (T-TBS: 10 mM Tris, 40 mM Tris
hydrochloride, 150 mM NaCl) T#:% L. Block One-P % 7213 T-TBS T 10 {547 R
L7c7my 72— 2R LT, ZNENER T30 oMELITLRHET =7y ¥

7 LT, 0%k T-TBS TP L. Can get signal solution 1 & 7=(% T-TBS T 10 fi%
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W77y 7 2= 2 THN L Z—RUKIZR L, 4°C T—BiOs s, £
D, G T-TBS T L. Can get signal solution 2 % 7213 T-TBS T 10 fi%
ARLTET7my 7 Z2—ZATH R LU ZRFUERIZIR L, |IRT 1 RFEEFEHE L7,
T-TBS CTHif L7k, 1L A4 —CLD (Wako) IZ 5 /3 L7z, Z D,
Luminescent image analyzer LAS-4000 UV mini (Fujifilm, Tokyo, Japan) & O Multi
Gauge Ver. 3.0 (Fujifilm) AW THH L7,

—RHLIARIZIZ. Mouse anti phosphorylated-p38 monoclonal antibody (Promega,
Tokyo, Japan) (1:1000). Rabbit anti phosphorylated-JNK polyclonal antibody (Cell
Signaling Technology Japan, Tokyo, Japan) (1:1000), Rabbit anti phosphorylated-ERK
1/2 polyclonal antibody (Cell Signaling) (1:1000), Mouse anti p38 monoclonal antibody
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA) (1:1000), Rabbit anti JINK polyclonal
antibody (Santa Cruz Biotechnology, Inc.) (1:1000), Rabbit anti ERK 1/2 polyclonal
antibody (Cell Signaling) (1:1000) and Mouse anti B-actin monoclonal antibody
(Sigma-Aldrich, Tokyo, Japan) (1:4000). — ¥ Bt fKIZ (L. Goat anti rabbit
HRP-conjugated (Thermo Fischer SCIENTIFIC) (1:2000) or Goat anti-mouse

HRP-conjugated (Thermo Fischer SCIENTIFIC) (1:2000) % fHV 7z,

2-2-7  HETFRIFRAT
T Z T EHRERR E TR LTe, #EahFRIZREiRIT, STAT VIEW (SAS
Institute Japan #k 24k, Tokyo, Japan) % V> C Student’s t-test & %\ (&

Dunnett’s test (IZ L V1T 72, fGRESWREEZABEZAGD & Lo,
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SF3E FEBRAR
3-1 NEFHEFMEEEEICRTT 5 T VIR TNy — O PR

FUHNAIR T % —ThbHTH TR OBRAMIREEH 2 Rat+ 5720
(2.~ U AR OGRS SRS 2 a0 S, HMIAE O IR DB b A BET L
7o TANAEE IR R DY & 240 um FEIE C 1920 um £ CTRIE L7z, £z, MO
R OO WA TR 21T 5 7o, =& T AR 1 3 mglkg A REMENE G- £ 721T
1 mg/kg Z & RN G L TR AT o 7o, £ ORER, R 24T > TORWIER
MEBEHE & Lt LT, DRI 24T W AR HUK DIEIREN I 5 24T o T i i 5%
TITAEZ2GMILE (ONL) DOZEME2 78 HAv/z (Superior @ p<0.01 at 240, 480,
720, 960, 1200,1440 pum) (Inferior : p<0.05 at 1440um, p<0.01 at 240, 480, 720, 960,
1240um) (Fig. 7A, B, D), J&IEEREICKT L C. =4 TR (3 mglky, i.p.) #5EETIE,
JEIRST 30 Jr AT & MSTIE R, TO%S5 HE L H 2RREG42 2 L1280, i
I & 5 ONL D ZEfi & A& (24 L (Fig. 7B, C, D). & DZEME 4 fic K 24% BEH &
A

Flo, mH TR OEIRIZE T 2588 Th 28RN 512 X 208 b
At L7c. T ORIR, BEALE O EF#EERE & i U TR REK 25 IkN&E 5 L
T RIERECIXA B 72 ONL OZEMENFRD BT (Fig. 8A, B, D), A& G-HE &
L Co X TR RERE (1 molkg, i.v.) TiE, SERRE 30 2rai & BRETE%Z RS
T5HZ LIk, HEEIC XD ONL OFHE & A Bl L7 (Fig. 8B, C, D),
U EDFRERNS, =& T R ARG X 2 MR 2 L CREER 2~
LRSI,
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Fig. 7 Effects of edaravone (i.p.) on retinal damage induced by exposure to light in mice.
(A) Nontreated, (B) light exposure (8,000 lux) plus vehicle-treated, and (C) light exposure plus
edaravone-treated (3 mg/kg i.p.) retinal cross sections at 5 days after light exposure in mice. (D)
Measurement of thickness in the outer nuclear layer (ONL) at 5 days after light exposure. Data are
shown as means £+ S.E.M., n =6 ~ 8. *p < 0.05, **p < 0.01 vs. light exposure plus vehicle-treated

group. The scale bar represents 25 pum.
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Fig. 8 Effects of edaravone (i.v.) on retinal damage induced by exposure to light in mice.

(A) Nontreated, (B) light exposure (8,000 lux) plus vehicle-treated, and (C) light exposure plus
edaravone-treated (1 mg/kg, i.v.) retinal cross sections at 5 days after light exposure in mice. (D)
Measurement of the thickness in the outer nuclear layer at 5 days after light exposure. Data are shown
as means £ S.E.M., n =6 ~ 8. *p < 0.05, **p < 0.01 vs. light exposure plus vehicle-treated group. The

scale bar represents 25 pum.
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3-2 A% TUNEL BEPERRRRFS B RT3 2 S R Ot

FHREHZ > T U 2RO 7 R b= R kT 224 TR DR
IR 2720, TUNEL Yefaz1T 572, TUNEL FEEMlaodeHlL, EAE O
IEFHEED ONL (ZIFE8 D e odz, —J7, SIS 48 Befilte, AP RNk
% EREN R 5 U 7 VIR 58 Tl ONL (2 TUNEL FSPEMAE DR EGRD b
(Fig. 9A, B, D), Z ORELRGHE L e L C, =& TR (3mglkg, i.p.) HERET
1% TUNEL B0 oo FE BB I3 B 24 &7z (Fig. 9B, C, D), =& TR
(X, OtHES ORIR, S 2 AR5 2 & T TUNEL [MEiiia o in 2
52%HnH#] L7= (Fig. 9D), LA EDFEREMNS, =& F R 3R EHT X 28RO
TR b= ARG D EARIR ST,
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Fig. 9 Effects of edaravone on light-induced expression of TUNEL-positive cells in the mouse
retina.

(A) Nontreated, (B) light exposure (8,000 lux) plus vehicle-treated, and (C) light exposure plus
edaravone-treated (3 mg/kg, i.p.) retinal cross sections at 48 h after light exposure. (D) Quantitative
analysis of the number of TUNEL-positive cells in the outer nuclear layer at 48 h after light exposure.
Data are shown as means + S.E.M., n =7 or 8. **p < 0.01 vs. light exposure plus the vehicle-treated

group. "p < 0.01 vs. Normal. The scale bar represents 25 pm.
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3-3 JFE% 8-OHAG BHMEMIARIUCKIT 5 T U AN A DR V% —DEEOR
i

JEWURC X DR E iRk A b LR L OBEAZ AT 572D, Sk E
2B T LBIEA NV A~—01—Th % 8-0HIG DREAEICET HMETE#1T- 7,
Z ORGSR, BEALE O IEF AR CIIAUMALEIC 8-OHIG DFEAIXIZE A LFED
biviehodz (Fig. 10A, D, G), —J7. IEHMENERE & bl U Ciaiiide 58T
HRE 28\ T 8-OHAG DI INFED b= (Fig. 10B, E, G), Z DIEMER H7E
2R LT, =& TR (3mglkg, i.p.) 58 CIIAMALEIZI T 5 8-OHAG DFE
BN ABICESI S 47z (Fig. 10C, F, G), E7z., Il GRE L iR L= X TR
(3 mg/kg, i.p.) HH5-#D 8-OHAG FGHEMAL DN F1%L 37% Td - 7= (Fig. 10G),
U EOFRERNG, =X TR ATRBIINC Lo THET DL N LA ZMfI LT
MM kT A IR EH 2 A3 2 2 LRI S T,
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Fig. 10 Effect of edaravone on light-induced expression of 8-OHdG-positive cells in the mouse
retina.

Expression of 8-OHdG-positive cells in (A and D) nontreated, (B and E) light exposure (8,000 lux)
plus vehicle-treated, and (C and F) light exposure plus edaravone-treated (3 mg/kg, i.p.) retinal cross
section at 24 h after light exposure. Arrows (E and F) show the 8-OHdG-positive cells. (G)
Quantitative analysis of the number of 8-OHdG-positive cells in the outer nuclear layer at 24 h after
light exposure. Data are shown as means + SEE.M., n = 8 ~ 10. *p < 0.05 vs. vehicle plus the

light-exposed group. “p < 0.01 vs. Normal. The scale bars represent 50 um (A-C) and 25 pm (D-F).
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3-4 SEMRRIC X DMK TSR3 2 7 PNV A DR Y v — DR ORRGET

TR Lo THEIEEENEE SN, =X TR IIMRES 2 RiET 202 &
WRENT, =F TR NTHEERES 2 R 5721 T <, MEMERRICR LT
bIRENR L R T AT 5262 ARE LTERG ZHIET 52 LTk »T
MBS RE DRAM 24T > 72, JERRSTT K 2 M EE O T i, HRAMILERE D FEEE
Tho aliRE., I =7 —H-CARMIFERROFRIE TH 5 b IIRE DK TIZ
F o THER LTz, alIZOW TR 21T 0o 7o IEFMERE & b LT, %
B B HEIZ B W TR IC X 2 MR RE DK T 878 ® b7z (p<0.05; -1.02
cds/m?, p<0.01; -0.02 cds/m?, p<0.01; 0.98 cds/m?) (Fig. 11A, B), £7-. b >\ T
) IEH HEIERE & Ll U IR 5 BRI B TR X 2 MRS RE DK T 2338
DB (p<0.01 ; -1.92 cds/m?, p<0.01 ; -1.02 cds/m? p<0.01 ; -0.02 cds/m?,
p<0.01 ; 0.98 cds/m?) (Fig. 11A, C). ERG HITEICI1F 5 AMEMIETH 5
0.98 cds/m? I2351F 5 N ENOIK F R a A 76%, b A 73% Th -~ 7= (Fig.
11B, C), Z DA GRE LT, =& TR (3 mglkg, i.p.) % 5-HE TIILMH
2 & D REEESEE DR T O AFRD H v (Fig. 11B, C), =& 7748 > (3 mg/kg,
i.p.) (TGRS 30 Al &OLMRSTIER, £D®%5 A1 H 2% G52 LIk -
T, aHOWIEIE T % 47%, b OO T % 41%H0H L 7= (Fig. 11B, C), LA
FOFERN S =X TR AN X AT ZERE 2 Bl 3 2 7210 Tide <
MRS HE HHERF L TV D Z E BB NIT e o 72,
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Fig. 11 Measurement of the dark-adapted ERG amplitudes at 5 days after exposure to light in

the mouse retina.

(A) Typical traces of dark-adapted ERG responses measured at 5 days after exposure to light.

Stimulus flashes were used from -2.92 to 0.98 log cds/m?. (B and C) Amplitudes of a- and b-waves of

light exposure (8,000 lux) plus the vehicle-treated group vs. light exposure plus the edaravone-treated

group (3 mg/kg, i.p.). Data are shown as means + S.E.M., n =6 ~ 8. *p < 0.05, **p < 0.01 vs. light

exposure plus the vehicle-treated group.
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35 SEHREHC X 5 MAPKSs (p38. JINK. ERK1/2) @V VER{bicktd 5 T ¥k L A
T2V X — DR ORRES

In vivo X T in vitro DWW T, MEREEE 2 X - T Mitogen-activated
Protein Kinases (MAPKS) 73U (b 3415 Z & 23 STV % (Munemasa et
al., 2005; Yang et al., 2007), & Z T, JaBFREMIREE ZXT 5 =4 7 R Dk
ER DA T = XL Z BT 2729012, MAPKs D U UK T 2 =4 TR D
VEH % Wt L=, MAPKSs I p38. c-Jun N-terminal kinase (JNK) . extracellular signal
regulated protein kinases 1/2 (ERK1/2) @ 3 Fi¥H 4 HIE L7z, 17 HEIRRE & bhig L
T, IR 21T o 72 3R B 5 7E Tl p38. INK XY ERK1/2 D931 MAPKs
H U UBIEOTLENE D bivle, WG L i LT, =4 7717 (3 mg/kg,
i.p.) EHEL, p38 LTNINK U {2 A EIZHNE L 72 (Fig. 12A, B, D, E),
L2 L. ERK12 DY RACITSKE L CHIBIBEENITER O DI AE TIE R -7
(Fig. 12C, F)o T HDOFMR LY, =X TR OFEGEIZ L > THERKFIZL D
MAPKs @ U “igfbz il 2% 2 & THRORGEIE 27" 3 2 L Rk Sz,
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Fig. 12 Effect of edaravone on light-induced expressions of phosphorylated-p38, JNK, and
ERK in the mouse retina.

Representative band images showing activation of p38 (A), JNK (B), and ERK (C) in the
non-treated, light exposure (8,000 lux) plus vehicle treated, and light exposure plus edaravone (3
mg/kg, i.p.)-treated retina. Quantitative analysis of the band density of p38 (D), JNK (E), and ERK (F)
at 6 h after exposure to light plus vehicle-treated and edaravone (3 mg/kg, i.p.)-treated group in mice.
Data are shown as means + S.E.M., n =6 or 7. *p < 0.05 vs. light exposure plus vehicle-treated group.

b < 0.01 vs. Normal.
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AT B

KRB E L, KR LD 7 ) —F PO, MIINO Ca® RS
NO O LR ENEZ 57202 TU 5 (Wenzel et al., 2005), AWFZETlx. JelaS
& X DR E IR 2 A b L ADRE AT 5 & L bIT, B ZinmE
DR EHE LTI VINAAR TV —ThDHT X T TR % VTR
MiZiTo7c, TNETICF TR VTMEEZIZ T & LT, Bk, ks & T
IEMEREFR ORE LB ET T VICB T 2 REDRBHE STV 5 (Matsuyama
et al., 2006; Taniguchi et al., 2007; Inokuchi et al., 2009), =D 7=, TH T K 1T
{EVERRSR OB L 7R RIS T 2 RN I S n 5, ARIER L, =X TR
YT~ U AR E LB W THRWREE 2T Z L 2L L,

MBS RIS BEE SV D L B EOIEMRFE LA L 5, W ThHhiL SOD, 7
B T—B, TNETFH L ULF v H—8 7 EOFIRREIC X - TEMEREFEIX
OIS MBI IR#E S D (Dongetal., 2006), L72>L. JeMEZD T o i@
TIL, SOD DOfiffbies LE% O, BNHEASND Z LIk » THIIESICE
(Yamamoto et al., 1999). 7=, SOD1Z R~ 7 Ax, WEHONKEE FTH 0, 24
TRV OEEEENEE S NS (Mittag et al., 1999), Z L6 DHREMNS
HIRIHZ & > T 0, DERITHEA SIUFER. H 0, 2 OH D3 (RN O LHHE
Z BWIDIE EEA S, BREA b L AN RE O AR T oM SE & BEE L T
W5 Z LR E 415 (Hashizume et al., 2008).

X TR 3 mgkg &7 v MIEPENEE LIEREORKIMLFEE (maximum
drug concentration ; Cnax) 1 1728.7 ng/mL (9.9 pM) & 725 Z & 23N JERERABRIZ 3
WTHRE STV 5 (Takamatsu et al., 1997), In vitro (2 33\ C R AiBIKAM fa ik
(RGC-5) % FHVNT 0, . H0, KOVOH IZ%tT 2 =X TR DT ¥ H NS ERED

HEN, ZHTFTRUIEL O, . HO, LVOH IZX LT 1 uM BL ETT O il
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R L7, BRIC, OH I LTI 0, % H0, &0 bl EM 25 L7
(Inokuchi et al., 2009), Z DFEREZHE 2T, v~V AZHWEARERICK T =&
F AR Db HEIT 3 mglkg DIERENIRGIZERE L. & O IS HEMARRE o O
TEF Z7/R L72 1 mglkg (281 D ERIRNFE G- H et L 7=,

ARETTIL, JehST 5 B, AEREE GV TONERE (ONL) D%
FEDFRD BTz, TSR LT, =X TR 3mglkg IEIENEERE K TN mglkg &
IR G-REIL, 2 OFEMEZMH Lz, JERIHIC X DML R EIE T A b —v 2
KFMETH D (Wenzel et al., 2005), AREFHT AV~ T 2GRS £ T L O S KL
J& (ONL) H1C b JERRES 12 B[40 5 TUNEL BRMERAR OIS EL A LB, 48
RFEIFRIC B — 7 I L2 2 & h . JEHREHC & » THAMIZIC T AN b —2 2035858
ENTNDZ LR ST, JEIRE 48 Bifiite~ 7 A M@ ONL #1112 TUNEL
BEMEMAREL AN L7223, =& T R FEIZ K -T2 d TUNEL B oy
MABEBENCHH Sz, =4 TR E, BRI L > THRAE LEBIEN D 0, %
‘'OH Z{HE L CHMIO 7 R h— 220l L, #REER 2 R"d &2 bh
726

TH TR DB X MR A L2 2 L s A L o T
AN TZ V= P UNVEAEPNRZ D | ZO/RET R b — 20558 I il
EMEZERST L Z LRz, ZOFKIZ ONL (ZBE{EA P L ARELTVND
L aERT D0, LA N L ADFRIE TH D 8-Hydroxy-2’-deoxyguanoine
(8-OHdG) % M\ /=, 8-OHdG % DNA Z koK D—>ThLH /T =t
ReX b ENTEWE T, OHIZE>TDNA FOTFTHXR 7T 2 il
ENDZLICEoTERESND Z LD, LA ML A%&%1F T DNA 234845 L
72 L HBRTEEA LA —h—TdH 5 (Valavanidis et al., 2009), JeIRHIZ K -

T HR S 24 IERE#% 12 ONL |2 8-OHAG B ERMIE O BN A3 HERR S av7=, Z et L ¢,
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T X TR PG K o T 8-0HAG IMEMla i o #mas il S iz, ZORERN G,
JEHRGTZ X > T ONL IZEB(EA R L ARFHEHEINT R F—V ZA~NER->TWnDH 2
EWTRBEENT, Flo, X TRUDBHBRICE > TEASNTE 7V —F VL
ZHEL CTHABEEERZRLTWS Z EBRHLMNI -T2, =F TR DN
BT L DI O ZEME &2 32 2 E RS LMo 728, Ml RFF ST
WTH 2 DBEREDHERF S TW R I AUTTRIRITIE DR D 720, SEREHIZ L - T
AR GRETIT a L O b WORBOIER T 2RO 6z, LarL, =& 7
R 3 mglkg IEEN TR G1%, SHIREIC X 5 a i K O b I OIRIEIK T 2 4 & 1 ]
L, £o T, =& TR UITEIRFHC X DM ZER 2 MK 2721 T, M
RELHERF 772 Z L L TR T,

[EMHERRFE AT H & MAPKs O _EifilZd 5 MAPK ¥ F—E %5 —1 (MAP3Ks)
WL EM % Z T TEELEnN D, TO/RE. TOTHRD MAPK ¥ —+
(MAPK2) 73U izt =41 MAPKs 2831E M b =415 (Son et al., 2013), 7o, &M
FAEIL . MAPKs Z i U iRt 32 Z L 1C L - TIEMEZHIE T 2 %% % > MAPK
RAT 7 H—F¥ (MPK) Z#ifl L T MAPKs Z &M b &85, MAPKs 7 7 2 U —
X, BV ALV = RS —EBO—FTH Y Mlast D> 7 F L Z RN ~MaET

FNZFFOZ EMHBILTEY .MAPKs 7 7 2 U —{Z1% p38. INK } Y ERK1/2
DPAEAET Do MAPKs [ZA(KPN CRllIE O HEIECHIIASE A il L Tl 0 | A2
EHREEETZ BB TUVD (Miloso et al., 2008), Yang & i in vitro (230>
T 661W M YRR 21T W EMIISE & MAPKs OB Z it L, SERREIC & -
T p38.INK L TNERKL2 U U ERfb s s Z & ##iE L Tu\% (Yang et al., 2007),
AHFFENZ BT, SRR Ko THRES 6 FEfZ O~ v AT C p38, INK LT}
ERK12 NV Vb SN D Z 2R LTz, EHIC, =X TR OREIZL ST
p38 OV INK D U (b3 il A7z 23, ERKL/2 DV ki3 m <idd
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5HDODHETIX /0> 7=, ERK1/2 |X epidermal growth factor receptor (EGFR) %
ML TY Vb S 4L, HOp 1% EGFR ZiEME(L L ERK1/2 Z i3 % (Meng et al.,
2007), JERREHIZ & o T EGFR XA DB T 5 Z R dE S TnD 2 &
225 (Close et al., 2006), 1 L 7= EGFR (ZYHREHT & » TA U 7= im MR R 3 i
LTERKI2 DU UBLIZHE S L TNWD EZEZ bD, =X TR UL HO0, 5T
TEMEER A HET D2 &0 EGFR K% L7 ERKL2 DU ks LT
MHMEm 2R~ Lz & & 2 Hvd, Activator protein-1 (AP-1) X7 K b — 3 R |2 [HH
LT Y MR ZEMEICEES LT\ 5 (Grimm et al., 2000), AP-1 1% Jun # > 737 &
Fos Z U /N7 EHR ENDIEL SN D &K Z 37 E T c-Jun N-terminal kinase
(INK) (2L 2 dun % /7 'ETH 5 c-jun DIEPELSC p38 12 L - T AP-1 &AL
SND, =HTRAAL, SN X DIEMHEREFRIZ L > T p38 L INK 23V gk s
NizZ L2 X% AP-1 JEMAL 2 Jifil LRI ZSME 2 4] L TV D aleEtEDR Z 2 6
N5, Fi-. I&VEEEFE L Apoptosis signal-regulated kinase 1 (ASK1) #1&MHA LT %,
ASKL (TEHEITERNOTIRENE TH LT AL N v EEAEEREZTER L T
LM TEVEBEEIC L > TR b S D & ASK-1 N F A L R u b el L p3s &
VINK ZiEMAET 5, =& TR 32 0 ASK-1 OFEEEAHH L, p38 KT INK
DOIEMALZ W92 (Tsujimoto et al., 2005), MAPKs O#EMALIX, MAPKs D U
VR Td D MAPK phosphatase (MKP) 2k > ThilEISHTEHBY, 2D
MKP (375 MR L » TRIEM (L S5 (Suzukietal., 2005), £7-. b MR
S _LRGHIaRR (ARPE-19) (OGRS 21T 9 & MKP A ARTEMEL S 4L INK DOFEME(L,
DMEE XD (Lornejad-Schéfer et al., 2009), LA EDZ &b =& TR 130G
Wz A5 LIz . EGFR OIEMEALINHIC X 5 ERKL/2 @ U I ER{bdmifi], F 4
LV RF v ot O ASK-1 OTEBEOIHIC L 5 p38 LTV INK O U L Ffb il & Y
MKP DIEMEAIZ K D MAPKs il U b e 7 & % 4 LT MAPKs D5k %
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Pl LT 2 ATREME DN E 2 BTz,

AR TIZ, =& 7R PAFHFRMEEREE T T o U CREER AR T 2 &
LN LTz, ZORENS, SEIRENT X D BMIAEMEIZIZERE A L AR
L EHb->THEY, ZOMILA b LA 7T s MR XM RN 5 5 28 1 o
TR DIEN LR D Z ENEBEZXbIND, =8 TR AIMEMEEY DO — DI
LAREMEN R STz, EHIC, =X TR UITEYEES AT A (DDS) O—D
ThHHIVARY—LICEHATDHZ LIZE > TRIET NMDA MRS 7 L0
EE T )L CHEMERZ T 2 L5 (Shimazaki et al., 2011) . A # SREE L L
TNEREEBEAMEIRRIE E L CORBEI IS,
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52 W MABREEET IS D v g CRREE O EEH
FLH REES

HNNA T CHEFEDHIRENS AT A 7 aT 7 —EThh ., s
A7 7 IV —ITEENITEBIINAFET DAL L (U3 ) FDY
TINIRA 2 (M-TINRA ) Z D ISFRD I V3 A VBIR T HFRIE STV S
(Evans and Turner, 2007), /L 34 > 1 KON 2 1%, HIPI D Ca?' K OVEMKRH A L
NAVILEZ o RIETHLINANAZF AL > THEERHIE I TH D
(Saido et al., 1992), F7=. RN CTIZHALER-CRIZEENIEORIE, FAEE O
AET, T P ARRMIME TR EhR A RE A I L TV D T EAVRIRS 1L
TW% (Goll et al., 2003),

RIS AR D Z 3T B RIE, FRRAMIRBICEADD LS TR,
T NA 7=, WML, N TF o bR Y R Bk x R
WZBAG- L TWnWa Z ERHE I TW5 (Artal-Sanz and Tavernarakis, 2005), g/
[ZBNWT, AL L ROINANRAZF 3, U FOMREGETE B RGHIEZ 13
U AN %2 & e BEa g L N IZHBLRFED 51T\ %  (Persson et al.,
1993), b F, VA KT v MEIZE W T DA VROV RAZ T D
B FRANMER SN TEY . 7y BEROYILTEI N ASA 2 LIS LTV
NA 2 DFEBBEL, B R TIEINA SRS L RN2 KD IR ETF Dl
EFRINE L (Okaetal., 2008), =0 & 9 IZH A A VTEMIEE I LD L L
TR IS S AFAE L, fkPIBE, DN s BEZEME, M6 F 28 MRE 72 & OMAIEE &
T NRA v DIEMAL & OBE G W X T b (Paguet-Durand et al., 2007), ~ ¥
A MR AR (661W) Z AW FEBRICIB W T, IEBMAED Y 27 7 7 7
2 —Th DI L > TN UBIEHIES IV, AL UIHEIRICL -
THIBZEZINHIT 2 2 L DN ME SN TV 5 (Kananetal., 2007), £7-. @&fattEo
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MM A AR 28 M~ 7 2 %> N-Methyl-N-nitorosourea (MNU) &% %~ 7 A MR AR
ZBHEET VCB WD T BN TH LA OFEEERRBD SN TEY . B
A RHE AR AE & $] 95 (Paquet-Durand et al., 2010 ; Kuro et al., 2011),
ZINDDOHWED D VR TR BB 35 1T B M AR R ZE P |
BIL CHEREEZRIZLTNDIENRBEALND, £ I T, EMAINE BT
ZEME DB ZEREDIRR D—> & LTS UITEH LT,

ARETL, = U AMEERE T T /RS 2 IV 3o 2 IHESK SNI-1945 D
Pt EH 2 T2 & & biZ, ZEMANm s e Z2VEIC 1T D 31 DR
B Z2at Ulz, £72. FOREFIS IV T RGN0 5 B M 0D VE A
HIE ALY 9 D hMEET LT,

VIS U R SN AOIRrS
2-1 EBAE

AR W EY R OGAIKITTREDO LB THh 5,

NIBNVLT T R, A7a—A b VUL =F ) =)L AF ) —
. B b AKE,. TNy 77— SNI-1945 (3 T RSk (Osaka,
Japan). Block One-P, U U Pg/K3E—F FU 7 A 12 KKV B —KFEF RV
U LAZKFY, N RSV S —E T T AT A KRS, v Lv M
b7 Y U aFF 2Rttt 7 ey 7 o — R IR A ARERRERAS
L R P B Y TRt o/ Ve Sl L /A o P B A G SV P LY W Sl
O.C.T. compound (ZH 727 7 7 7 A4 > 7 v 7 Bk #l, Vectastain elite Avidin
Biotinylated Enzyme complex (ABC) kit, M.O.M. immunodetection kit & TF
Diaminobenzidine (DAB) peroxidase substrate kit (% Vector Labs, In Situ Cell Death

Detection Kit (X Roche Diagnostics (Basel, Switzerland), Protease K solution [
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Invitrogen, TSA Biotin system (X Perkin Elmer (Waltham, MS, USA). RIPA buffer,
Protease inhibitor cocktail, Phosphatase inhibitor cocktail 11, Phosphatase inhibitor
cocktail 111 (X Sigma-Aldrich, Super Signal West Femto Maximum Sensitivity Substrate
I% Thermo Fischer SCIENTIFIC, 41 &% = kX O.Kindler, Can get signal solution 1,
Can get signal solution 2 IZHZERG, X RV > P, A 7L O3 REEE K
£:4t. Caspase-Glo 3/7 Assay Systems (% Promega (Madison, WI, USA) X 9 &AL

77'/,
—o

2-2 EBRITE
2-2-1 FEBREW

O~10 FESOHENE ddY ~ 7 A XA AT AT Lo —R St L VA L=, 8
Y% H RS K FICER SR Z OV CERE Lz, EBREITH bz o T, IR
KR KRZEDEE - B EREE X CEYERERPFE LT, FFal &2
CHER LT,

2-2-2 BRI DT DL iE

B v oA v E K T H D ((1S)-1-((((1S)-1-benzyl-3-cyclopropylamino-2,
3-di-oxopropyl) amino) carbonyl)-3-methylbutyl)carbamic acid 5-methoxy-3-oxapentyl
ester (SNJ-1945) |3 T-FHUsEpk 24t (Kobe, Japan) 7 & 5 St 7=, SNJ-1945
13 0.5% Carboxymethyl cellulose (2% L T 100 }& U 200 mg/kg % % H £ 5- % 72
1% 100 mg/kg % fEFERN G- L 7=, kI FREEIZIE 0.5% 0> Carboxymethyl cellulose % 10

mL/kg D7 & TR O &G £ I ITEENE S LT,
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2-2-3 RIS T T L

~ 7 AR ET T L OERIZ, B 1E2-22 1L TTHo 7=,

2-2-4 ERG JH|E
ERG (Mayo, Aichi, Japan) IdtHUH 5 BZIZKEEN THREL T CRIEEIT - 72,

HIEILE 13 2-2-4 |THEL T{To 7,

2-2-5  FHRRSREENT
2-2-5-1 ARG A E

MR oL, 5513 2-2-5-1 ICHE L TiT o 7=,

2-2-5-2 ~v R XY AT Y
VERL L 724G D~~~ hX ) - o efa |3 8 1 3 2-2-5-2 ICHEL T

1T-o77,

2-2-5-3  So Y ta RSO RS
R e RSO R OERNE, 5 1 3 2-2-5-3 [CHEL TiT o 7=,

2-2-5-4 TUNEL 7%

VERL U 7= 3k i TUNEL Yok, &5 1 8 2-2-5-4 [2HE U T - 7=,

2-2-6 DT AKX T ay MEN
2-2-6-1 FURHEREL

VITAL T 0y MENTOTZ O OFEHRIUL B 17 2-2-6-1 [IZHE L TiTo 72,

38



2-2-6-2 XN EER

Gy BERIE, B 1R 2-2-6-2 ICHEL TIT o 72,

2-2-6-3 ERIKEN N OHRE

ERUKE N QR BT, 55 1 % 2-2-6-3 IT{E> TIT o 72,

2-2-6-4 VT RAZLUTOyT 4T
VITAZ LT AT 47X, L 2-2-6-4 IZHEL TITHo T,
—WRPUARIZIE. Mouse anti-o-spectrin monoclonal antibody (Millipore) (1:2000).
p35/25 rabbit monoclonal antibody (Cell Signaling Technology )(1:1000) . B-actin
mouse monoclonal antibody (Sigma-Aldrich) (1:4000) % FHv 7=, —RPiRIZ I, Goat
anti rabbit HRP-conjugated (Thermo Fischer SCIENTIFIC) (1:2000) &% 7-!% Goat

anti-mouse HRP-conjugated (Thermo Fischer SCIENTIFIC) (1:2000) % FH\ 7=,

2-2-7 1 A/X—F 3T IHHEHIE

~ 17 A% 80 mglkg DL oL EH — )L DEENER HAZ ko TEIL S E T,
LEFE DM %, IRERZHH L S I/l 2 B L7z, BEE L 724 <
TRAR %2 32 12 C ks & & 7=, RIPA buffer (2 Protease inhibitor koktail % OF Phosphatase
inhibitor kokatail Z#%i0 L7z % o /37 B Z2 iR L, RET T A H—
CHENE 2 fisede U 7 AR 1 12000 xg T 20 Z3ix L L 1 A B L S2BRIC
MUz, #2837 BEEIL 2-2-5-2 THIZHE > TITo 72,
J A s3—¥-3[7 1% Caspase-Glo 3/7 Assay #H\\CTF v b7 1 ha—L it~
THMELE, Yo7 nid~A 27 a7 1L — kU —4%— (Thermo Fischer

SCIENTIFIC) Z FW T3 2l Lz,
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2-2-8  WEatFRIENT
T — AR BB ERR S TR LTz, #EatFRy72 llgix, STAT VIEW (SAS
Institute Japan #£=2: 1, Tokyo, Japan) % H\ T Student’s t-test & 5 \ & Dunnett’s

test IC L VITHoT-, fERESNRMEAELEARD & Lz,
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B3R B
3-1 HHRFHZ X B v o v DIFHEALISR T % SNI-1945 O {F

AR Tl %O~ v ZMEEIZB 1T D V3 A o OTEHARIZ OV TR
LTz, £, ZOINSRA U OIEMHACITRTT D T 31 U BHESE SNI-1945 D
PG (RO ETIIERENE ) OERICOWTRE Lo, b3 » OiEME
{B1Z o-Spectrin DWW f{b 2 F5HE & L7z, a-Spectrin {3577 280kD D % > /X7 &
THNRAL AL VYR E D, IS RO A= 32K % 150kD D
IRREPEM B O V23 A L RERL A 732 145KD D3 fREEM H3E U % (Nath et al., 1996),
IEH AN & b U ORI £ OB 2 B b L 7= a-Spectrin 23 RERK /712
HINL ., 24 BEMILIRE CHE RN 7= (Fig. 13A, B), T72bbH,
FHZ Lo TN ASRA OIEHALD D BV, T DT s3A AEHABIZR LT,
SNJ-1945 [F#R O # 5 (200 mg/kg) F 72 IZERENFES- (100 mglkg) 35 Z &2 &
o T IEMRGHZ X % o-Spectrin O W b2 #ifi L 7= (Fig. 13C, D), Z D Z &b,
SNJ-1945 [T H #5325 Z & T BRB Z i@ L CREEIZE L, KREIZ L2 v
A DIEMEA L IHT 5 2 & IR S Tz,
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Fig. 13 Changes in proteolysis of a-spectrin after light exposure in the mouse retina and the
effects of SNJ-1945.

A, representative immunoblots showing proteolysis of a-spectrin in retinal extracts at 0, 3, 6, 12, 24,
48, and 72 h after light exposure in mice. B, quantitative analysis of the band density of the cleaved
products at 145 and 150 kDa of a-spectrin (280 kDa). Data are shown as mean £ S.E.M. (n =5 or 6).
The number in parentheses above each column represents the number of animals. *, p < 0.05 versus
nontreated group (Normal). C, representative immunoblots showing proteolysis of a-spectrin in mouse
retinal extracts at 24 h after light exposure with or without treatment with SNJ-1945. SNJ-1945 (at 200
mg/kg p.o. and 100 mg/kg i.p.) or an identical volume (10 ml/kg) of vehicle (0.5% sodium
carboxymethyl cellulose) was administered at 30 min before and just after light exposure. D,
quantitative analysis of the band density at 145/150 kDa (proteolyzed from a-spectrin at 280 kDa).
Data are shown as means + S.E.M., n = 4 to 6. The number in parentheses above each column
represents the number of animals. *, p < 0.05 versus light exposure plus vehicle-treated group; *, p <

0.01 versus nontreated group (Normal).
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3-2 JHSHZ K % p35 DA fiRIZxtd % SNI-1945 DAFEH

HHRIHNZ Ko THNAA UBEMET 5 2 LR STz, RRBRTlE S
DAZ T VS A AFHARIZ & - THfif &5 p35 (Cdk5 regulator protein) % FEERIC
LT 21T 272, p35 i3 A 7 U A7 —E 5 (Cyclin-dependent kinase
5;Cdk5) DOIEMELY 7 2=y N THY L/ A N Ko TRIE RS 4T p25
2R E xR T D (Leeetal, 2000), JERGTT Ko T 3 FFRIE B~ U AR
1T p35 Doy fRHER S, 48 IfEliR D~ U AHEIRIZ IV THE 7R p35 Dok
HFR B AVIZ(Fig. 14A, B), F 7= LIRS 48 BE[E] 4 124 U % p35 D /figic st LT
SNJ-1945 % #% O #¢5- (200 mg/kg) £ 7= XMERENEES (100 mg/kg) L7=& 2 A,
p35 D4y A A F I L7= (Fig. 14C, D), LLEDOFEFRE NG, SEREIC L > T~
T AHBNEN T A1 V23 A o DIEMEAL 40, SNJ-1945 DFEEAT K-> THNV A 1E
ML ZIHITE 2 2 LB BN o T,

3-3 OtEAFEMEIRIEE 16 % SNI-1945 DAFEH

FEIHHZ Ko T 7 AMEBERN T I 31 U IEM L S 41, SNI-1945 (X2 D7
NS OIEMALZ I L2 O T, ARERER TIIOGHE MR E 2% SNJ-1945 D F
FiZ X o THHl SN2 2 Et U, Sl RMEIEREEF ICI 1T 5 b~ A GV
DG ZHF Lo, T ORE, IEFHEERE S LT, JERFNFETIIA RIS
FERIE (ONL) OZEfMEA RO bz (Fig. 15A, B, F), Z OYMREHEC L T,
SNJ-1945 #% M #% 5. (100 }2 O 200 mg/kg) £ Tl% 200 mg/kg O F £ T ONL O Zi
Z | L7z (Fig. 15B, C, D, F), F7-. JEREWN#SE- (100 mg/kg) FEIZHWTH
FRETIZ 5 ONL O ZEfiE &2 A B ISl L7 (Fig. 15B, E, F), LA EOFERMN S,
FREHIC X DB A PRI 6 L C SNJ-1945 WA CTH D Z & £7o, HRHIC X
DAL I VA OIEHALDI RS B L TWD Z &R ST,
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Fig. 14 Changes in proteolysis of p35 after light exposure in the mouse retina and the effect of
SNJ-1945.

A, representative immunoblots showing p35 protein levels in retinal extracts at 48 h after light
exposure in mice. B, quantitative analysis of the band density at 35 kDa. Data are shown as mean +
S.E.M. (n =5 or 6). The number in parentheses above each column represents the number of animals.
*, p < 0.05 versus nontreated group (Normal). C, representative immunoblots showing proteolysis of
p35 in mouse retinal extracts at 48 h after light exposure with or without treatment with SNJ-1945.
SNJ-1945 (at 200 mg/kg p.o. and 100 mg/kg i.p.) or an identical volume (10 ml/kg) of vehicle (0.5%
sodium carboxymethyl cellulose) was administered at 30 min before and just after light exposure. D,
quantitative analysis of the band density at p35/actin. Each column represents the mean + S.E.M. (n =
5 or 6). The number in parentheses above each column represents the number of animals. *, p < 0.05

versus light exposure plus vehicle-treated group; *, p < 0.05 versus nontreated group (Normal).
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Fig. 15 Effects of SNJ-1945 on retinal damage induced by exposure to light in mice.

A-E, nontreated (A), light exposure (8000 lux) plus vehicle-treated (B), and light exposure plus
treatment with 100 mg/kg p.o. SNJ-1945 (C), 200 mg/kg p.o. SNJ-1945 (D), and 100 mg/kg i.p.
SNJ-1945 (E) retinal cross-sections at 5 days after light exposure in mice. Scale bar, 25 um. F,
measurement of thickness in the ONL 5 days after light exposure. Data are shown as means + S.E.M.,

n=6or8. * p<0.05; ** p <0.01 versus light exposure plus the vehicle-treated group.
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3-4 KFABFEMMLT A F— ATk D SNI-1945 DIEH

JERREFIC & A HRAMIZEMELZ SNI-1945 DG RNENTH D Z LW R SNz
B, SN L AFMIRO 7 R b — A Zxd % SNI-1945 OIEF & fFt L7z,
Z ORGSR LR & e U T, ORI 2T o 7o s i 51 COMERLE (ONL)
\Z A E 72 TUNEL BRI o2 #R8 L7 (Fig. 16A, B, E), & BT, TAlE#&
HREL s L C SNJ-1945 Ok O 5 (200 mg/kg) #E K OVEFENF 5 (100
mo/kg) B CIZJEIETHZ X% ONL @ TUNEL FSPEMAEER DN & $iiil L7- (Fig
16B-E), LA EDFER NS, HRHIZ LD T A b —T RT3 A > DOIEHAL
NG LTEY ., SNI-1945 (I /L 3o L FEMED T R b— o ZMEIEM 2R~

ZEDIRER S LT,
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Fig. 16 Effects of SNJ-1945 on expression of TUNEL-positive cells at 48 h after light exposure.

A-D, representative photographs of TUNEL staining showing nontreated normal retina (A), light
exposure (8000 lux) plus vehicle-treated (B), light exposure plus SNJ-1945 at 200 mg/kg p.o. (C), and
light exposure plus SNJ-1945 at 100 mg/kg i.p. (D). Scale bar, 25 um. E, quantitative analysis of
intensity of TUNEL-positive cells in outer uclear layer at 48 h after light exposure. Data are shown as
means = S.E.M., n = 7 or 8. The number in parentheses above each column represents the number of
animals. *, p < 0.05 versus light exposure plus vehicle-treated group; *, p < 0.01 versus nontreated

group (Normal).

47



3-5 A FEMNEREEEIS T IZ %95 SNI-1945 DIEH
SNJ-1945 DO 52 L > THEHHZ L 2 G ZEMGIER 2R L7223, 20

PREEHIZ X o THPERERE & RIERICIR TN TV D G Lo, £OREE, IE
TRERAE & b LT R 2T o o B BRI a IR O b I OIRIENS A
BEIIKR T L7z (Fig. 17A-C), Z OB G-8F &t LT, SNJ-1945 Ok 1 # 5
# (100 mg/kg } OF 200 mg/kg) 1. a & TN b I OHRIER T 2 H SR A7 A I #01H]
L7z (Fig. 17A-C), & 512 SNJ-1945 DN # 58 (100 mg/kg) ICBILTH a
B RO b FEORER T Z2AE IS Lz (Fig. 17A-C), LLEDREREMNS |
SNJ-1945 D 5T & o THFHFAMIAZENE D b OkGE S - FiaiE, £ oMl
BEREDHEFF SN TWVWD Z DRI I LT,
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Fig. 17 Effects of SNJ-1945 on changes in the dark-adapted ERG amplitudes after exposure to
light in the mouse retina.

A, typical traces of dark-adapted ERG responses measured 5 days after exposure to light. Stimulus
flashes were used at 0.98 log cd/m2. B and C, amplitudes of a- and b-waves of group treated with light
exposure (8000 lux) plus vehicle versus group treated with light exposure plus SNJ-1945 at 200 mg/kg
p.o. and 100 mg/kg i.p. Data are shown as means + S.E.M., n = 6 or 8. The number in parentheses
above each column represents the number of animals. *, p < 0.05; **, p < 0.01 versus light exposure

plus vehicle treated group.
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3-6 JLEEIEN A/ N—F 37 IEMEALIZHTT D SNJ-1945 DEH

RN K DTN BRI SN Z LIc Ko THE I T R h—
AN ZE Z L, SNJ-1945 DG k- Tzl +5Z & 2Rl
7z, SNJ-1945 OBEFDO— & TR D T2 N3 AEMAL & B3 2% 7 A8
— B 37 IEEICK T DEHIC O W THRE Lz, £, KRFHIC K> T A —E
BITIEMED & D L H BT DB et Uiz, 2 OFE 5 IEF MR & e LT,
SERRE 24T 9 2 & CRIBIHEE NS 12 Fl#% £ Th 2 3—8 7 IHENFEIC
kR L7, (2 BRI 24 BRERAZ 21300 A 8—F 3T IEMEIT—E R T 503,
48 FFZICITH O EIC EH L= (Fig. 18A), UL EDFERN S, HIREIZ X -
TAHANR—=B ITIEEN ERTHZENHALNE o7, £ 2T, NS 48 IF
21T D A Ax—T 37 {EMEIT % SNJ-1945 DIEH 2t Lz, £ Dk
R, IEEREIRE & bk U COR RS 48 IEI % ORI G RE CIXA RIS A —F
37 IEMEN EH Uiz, ZOBWBEGEEO I A X—8 3 {EE EH &L T,
SNJ-1945 OFE O£ 5- (200 mg/kg) #E M OWERENFE G- (100 mg/kg) BE CIEAEIC
H A= 37 IEVE B2 L7- (Fig. 18B), LA EORESEA S SNJ-1945 (3
FRENZ Ko T LEFT 27 23— 37 iEVE2 il L <. S ZE P )~ & M 2 Or
T DI ENRB I N,
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Fig. 18 Effects of SNJ-1945 on light-induced expression of caspase-3/7 in the mouse retina.

A, quantitative analysis of the fluorescent intensity of caspase-3/7 activation. Data are shown as mean
+ S.E.M. (n = 5 or 6). The number in parentheses above each column represents the number of
animals. *, p < 0.05; **, p < 0.01 versus nontreated group (Normal). B, quantitative analysis of the
effect of SNJ-1945 against activation of caspase-3/7 at 48 h after light exposure. SNJ-1945 (at 200
mg/kg p.o. and 100 mg/kg i.p.) or an identical volume (10 ml/kg) of wvehicle (0.5% sodium
carboxymethyl cellulose) was administered at 30 min before and just after light exposure. Each column
represents the mean £ S.E.M. (n = 5 or 6). The number in parentheses above each column represents

the number of animals. ™, p < 0.01 versus nontreated group (Normal); *, p < 0.05 versus vehicle.
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AT B

ARETIL, AFHEFR~ v AM@FERE & L3 > L OB DN HT L A L3 A
VIREHKTEH D SNI-1945 OILF IR E (269 D REIEH 2 et L. s
A INHTRIBIRIED Z — 7y N &0 9 DAREMEIC O W THRF LTz, BET v
MZ 3,400 /L7 ZADAHEZE 24 BFRISS 5 2 LIS L o> THEBIC T AR b — A
WEFHE IS (Abler et al.,, 1996), Z OGFEFEMEBMIILIE A 755 5 RN D—>
LT, MaRNGD Ca? D FH- L NS U DIEMEEREZ BND, By
U LFEGTEE Flunarizine 1%, SEHRHIC X o IR ZAE 2 3032 2 & 3 &
TWDZEND, HEFIC L > TN A~D Ca® AL L > TH /A 2 g
PEAb S AViAasE A 5] & 2 2 JURIK & 72 5 ATREMEAY 8 % (Edward et al., 1991), &

BT, BEMEOREBEGHIRZME~ 7 2 CTd 5 retinal degeneration 1 (rd1) mouse <°
N-methyl-N-nitrosourea (MNU) % 5-12 K A HHIAZAMEIC W T, SURIC s T
BT NSA 2 DIEHALIA 5T ST % (Paquet-Durand et al., 2006 ; Oka et
al., 2007), SNJ-1945 [T 4.3 FFH T, AL 1 RTINS A 2 2 D
BO%PHE L (ICso) IF. ZHL241 0.062 % T8 0.045 UM T D L3 L PHESE
FDsRMEE¥TH 5 (Shirasaki et al., 2006), F 7=, SNJ-1945 [T#% 0% 5% OE
PEN$ G TR E TRZE L, MEMRE MR RE T2 2 ML TS
(Shimazawa et al., 2010),

ARAFFEIT BN T, SEIREFHZ L o T 7 A D a-Spectrind Wi 7 (L 23 ifER8 S
T2 HIVIRA L DIE TH D a-Spectrint LM E ¥ 2 o /X 7 BT, i) fEE
2D &N AN RS AR RO AT AR E RSB S NS,
a-SpectriniI 1 V3 A AN K D UM A2 0T D & 4y 18145 kDad W i A AT 5
e, SEREIC X DI NRA OIEHALD FERE S L7, MIEEH Ta-Spectrin
X, W E K OB IZRET 2 Z ERNMBI TR Y (Isayama et al., 1991),
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FRMNEEE T 7 LTI O AT MBS R EE SN D, T7hbb,

Z DA DIEHALIC & % o-SpectrindD Wi 7 k1%, MIRGIMIALICAE C TV D
EEZBND, E5HIT, SNI-19458:5.\Z X - Ta-Spectrind® 7 F (L 23 S iz
Z L. SNI-194513 AT Ko THMIBLIZ A © 2 v 3o o OFEMEA L A2 81
flL7zeEBEZ BN, £/, SNI-19M45IX 2 H# 512 X - Tl E TREST 5 Z
EDURE ST, & DI OMIEIZIS 1T D Vs A v DOTEHALOFREE &
LTp3s & /N7 EIZE B L, MRl s i 25210 5 & Mila~ii A L7z
Ca*" I & » T/ N EMEAL S hp35 % [RE ) Lp25% 4= U %, Cdk5id,

ZDp2s L BEIRE T D 2 & TRETEM LIS L 5] i 2§ (O’Hare et
al., 2005), & O IZHEE T ClEp350p25~D /iR & ML & OBE N HE Sh
TW% (Oka et al., 2006 ; Oka et al., 2007; Shimazawa et al., 2010), ARHFFEIC
BT, G481 D~ U AMEEIZ 35N Tp35 D /3 i D3 78 S v, SNJ-1945
DG X > Tp35D 3Bl Sdviz, T D &Enh | RIS K-> TR
HIBZ BN TS U BEMEL ST Y . SNJ-1945 MBI 351 2
T NSA AEEALZ BT 2 2 & AR S iz, LIS X - Ta-Spectrin & O}
P35 I R % 2> HRECHNCHEIT L, Z ORI LTz, ZoH s
A ¥ DIEMACIINTENE D T VA VHEWE T D TV /NAZF RT3 A
VIKRO TN 2 Ko TEM b SN D Z L LR LTS EEX b
(Perche et al., 2009), #FAIAZEMHIZIBNT IS V1R ONT L34 L 2D TE M
fBENDHA I TNRIZY | FIDITHNNA IOIEHAER R Z 0, 2Dtk
S 2NEM L E NS Z L3 ST D (Oka et al, 2007), DF 1,

FEHRGHZ Ko THIDIZ I AL AAREEE Z I, ZRUSES T ARRZ F
PIEMALESND Z LIZ Lo THNASA  OFEMALZ IS LR, LR E%
IFo-Spectrin & Qp35 0 iR idfE-C I T LI Ex b=, Liv L., BaAg
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Y IDTEMAITREN TN A 2DIEWALNEZ D Z LI K- T, BN
F o m BB B RA v DIEMALDAE U2 2 & Ta-Spectrin & Op3557 f# 134
WICHEIT LT B2 b, LLEDORERN G | SR X D BRI ZEAE I o v ox
AVBEELTWD Z ERRBEENT,

HIZ, SNJ-1945D % 5:12 X - Ta-Spectrin ® Wr 7 (b & ONp3555 fiF 2 i L 7=
Z B, RS X D MR EERE Ik L CSNJ-1945 13 MR EH 2 A
D2 EDIR I NI MBI 21T o 7o, GIRIHIC & o TH ERLIE
(ONL) OZEMENZHD SNT-75, SNJ-19450 8 O# 5 (200 mg/kg) £ 7= 13 E e
N#E: (100 mg/kg) (2 &> CONLOFEMEAME Sz 2 Lnd | S k-
THNSA 2 INEHAE SN ZERE G S E 2 SND Z DR L NI o T,
F 72, SNJ-1945 D L 512 J o TR S - falEdifmia BRI B L CTERG %
T LERAEBFHIRE 21T o7, 2O, SRS X MO fEE T
boalk, I =7 —flfa &k OB IaEEEE O HRIE T Db DRIEOIR FIZkR L
T, SNJ-1945D % 5-1Fall i ObEIRIE DI T 24l L7z, PLEDZ &b ok
RAHZ KD A v DIEMALZRET 5 2 LT K o THEERR O I 23l &
5D ZENRBI NI,

b MROEWICEIT DR E TIET R b —V AR T D Z &I L > THifasE
IZE % (Nickells and Zack, 1996; Reme et al., 2000), 7% FEMBEEE BT
LT AR b=V R Lo THARSHIREAZEZ 32 ERMHNTEY (Wenzel
et al., 2005), FIEICH T IMFTHHER SN TN D, ARFHIIBW TGS
12 & > TTUNELBGMERIR B DI 2358 HAVONLIZ T R h— Y ANFFHE I iz
23, SNJ-19458% 512 I > TTUNELGEM A o BN 2 8l L7z Z & 6 v
A EMABICE D T R b= R MGI LIz e Z 2 bz, MU EEEZZIT 5
Lo NRAED S OCaT HINC LD 2 Fa v R U T ~dCa® i ARHIfs 5 5 D
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Ca® AN Z 5, ZDCa”BED EFIZ L VMBI B3 VN EME LS
. HIVRA N X o TBIdR YW 2315 (Gil-Parrado et al., 2002), Z O
SNEBAR I Fa s RUTICBITL, 7 r—ACHKRHEINASZ L2 L-
THANR=EIIRER SN LB BN D, EHIT, I3 A UIEMAPKsIC
FoTEMbENS Z & HRBEN TS (Glading et al., 2000, 2001, 2004),
Fo, HHRIIZ K > TMAPKsEM L SN D Z & 2 HIHETHEGR L7203, 20
Z RSN X D AR ORER S L C AN U RERTH D Z L ER
L TWnWo, 7R F—YRCBWTEHLEND AT A T eT T —ETh
HRAAN=BIEL, TR =V ZADY T FIRERT AR b= ZADFEITIZEHL T
HERRE BT, PTH, A= EITIT R b — 2B TR 72
MR EZ DWW LCDNAD S RIZEE - LT 5, JEIREHC K 2 RMIa A, fEhs
BERE DR T RO A —E3DIEMEAL & 7 A X —B3ITFLEIL NG T 5 = & 23
WE SN TWD (Perche et al., 2007), Z OGS, B A=V TH HBENT X
DM ZENEIZEE 5 L WD AREMEIZ H 508, EORE D235 20T 6
T ENTWVRY, —J7, WS VIDIFEMALIZ & » TH A 8—BT07EMAL
ENT R M=V ANFE IS (Gafni et al., 2009), ZH 5D Z & HEHMIRZA
PEIZIE A AR =BT OTEMAL N EE R H 2> T D Z &R S iz, B
oz e, TMRRZEMEET VIZB W TIIERL SN 3A k- T
T AR=B3THNEMAL SN, T DB A= 3ITIT L > THREMED L34
BT TNV IRA R T2 NSRS NS, L DIEPEN S B2+ 5 = Lo k&
STT R M=V RAEHET 5 L E 2 5z (Porn-Ares et al., 1998, Wang et
al., 1998),

Z 2 ORBRMEEE & AS—BIYTLE OBREHR LI- L 2 A, IRHE
%y~ U AMAREA T A A S—B3ITIEMED EH L48REHIZIZH W T H I A/ 8—
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V3T OIEMALDGRD b LTz, F 7o, SEIRESABIFE 1% (2 0 X /X —B3DIEMAL 3
HDOHNDL T ENEIINTEY ., AFEORE L —23 5 (Costa et al., 2008),
SNJ-1945D Bt 512 X » THIRFHZ K 5 0 2 X—B 3T DOIEMALZ Il L= Z &
5. SRRENZ Ko TH S U EMEAL L A S—B 37 DOTEMAL Z f - TRl
FEAHET H 2 EDIRB S LT, SNI-19451%, 1L 3o U FRESETH 5 SIA-6017
FHRICAER I TS, SIA-60171E, v v KIEEFEDO T 7> BROL
ERHET DN, VAT A 7 u7 77—+ (Interleukin 1lbeta-converting enzyme),
VU 7a7 77— (Trypsin, Chymotrypsin, Thrombin, Factor Vlla, Factor Xa),
TuT A Y —LEHELRZN ERMBATWS (Inoue et al., 2003), F 7=,
SNJ-19451%, p-H v 3o > DIEMALEL & FEA 95 (Azuma M, 2008), SNJ-1945
HED <SIA-6017 L RIBRDMEE ZH L, WA o ZBAE LR A —F
BTDOIEMAL I LIz & B2 b D,

RIETIL, B FMREMCK T 2 DN, OGS FR DA E
3K SNJ-1945 WREEHEZ /T HZ L AW LMNIT LTz, 2D OREFRIZ, B
A T FERERNED S BE A MEOVRAERT & 720 | SNJ-1945 [XIaHEDEHLEY
EIRVEDL T ENRBR ST,
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B3 E  MRMEZEEINT D N T LAY nr TR b= ROEH
FLH REES

B PRI 3 BV IR L 3 PRI IEDE (2 3 1T 2 ERKRHARN TH L LEZE X BT
Do MERIGIC X 2 2F OEMBRRIEDHE< 2 LI &K TRATIZRIT D18 MERIE
Z . VEGF, Tumor necrosis factor-a (TNF-a), 1 > % —12 A %> (Interleukin)
<2 Intracellular adhesion morecular-1 (ICAM-1) 2MIIEFCIRN TR SN T 5
(Funatsu et al., 2009; Gustavsson et al., 2013), = 9 L7=RIEHD AT  =— X —)»
MBI (Z PR 2 5 2 IS OFZ s 2 U S ¥ 25 2 & THERPMEEE O
RIET DYV A7 BEE D, S DITHERIFHEBAEIZ > TA U 2D BRB ORGHERCHE
M /& D PAZE DS BE R IR SR B IE DO FIE & HBE L T\ 5, BRB I3RS TEER & 1
R DYVEREED, ISR K OV IS & MR O W E B B 2 il L T\ 5, BRB IZ
VB A PN B2 R & R &3 B NI BRB (inner BRB) & k(43 MG &
FR &3 54MAI BRB (outer BRB) 7> bk S 45, MABEEMME O~U ¥ A K
R0 N AR O P& L2 L > C inner BRB 23 ihE U MARR 2 i i\ M E 3 Tt 5
Fo, HERFEZBEES T T v MEE IR AR ERMR TR IS ¥ A
N7 variigsE L, fEOZEMESTLHET 5D (Xu and Le, 2011), BRB
IMBGHES 2 & MHE & X 7 E DN A 70> DA T~ L. RN OR
BENEEVFELEL D, ZOFENEIEH TELT D Z &I K> THRERFEHR
DETEIE & 72 0 R SIR T DOIRIK & 72 %

BERF S BLAIEOIR IR ICIE, BIBREAT uA FEO NI T Ay /T E
k= F (Triamcinolone acetonide: TA, ¥ F = = F®: bt & RS o
WEARNEGEET ) v EBETEGRTA V=T Ly T 0 AR EOfi
VEGF HEOH AN G AHN TN D,

VEGF L& N AR O VEGF Z BIK & A L. Srec 77—+, ERK, JNK &
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Y Phosphatidylinositol 3-kinase/AKT 72 &% 378 %Y Uffb L, ZO-1 X
Occludin # VU Vit 3562 LI Lo THA NV v 7 va U EZETD
(Pedram et al., 2002), #E /R EBAIE RS TIXIRN O VEGF RN EH LT 5
ZEHE SN TR, HU VEGF EORNE G2 K-> TIRAN T LA L7z VEGF
PHFIS L, BEFENERM SN D, S OISHEIRIFE 5 B IR o EE L & RN
VEGF RE L OB S & 572, Hii VEGF I X H1RFIFHICHE > T\ 5, L
23 U BE R S BETE IR O RE D 13T VEGF FEXV R 2 RS WA TAIZ K -
TIFENR S D & 9 eWiE b AA(E L, TA 23 VEGF OB LA 2+ 5 &
& BT, PIRIEMFHIC K » TR AE ZRMHEOTEZIWTND L& X bd,
TA X5 nvazanFas FIIBERKET v MO VEGF, TNF-a X
ICAM-1 DFEH E5H- 20| L. B ER O R E it Tl 2 #0425, £ o
FERTA OPIRIEMERIC L » THEBIFESRE T 5 £ &2 b TW\W5 (Tamura et
al., 2005 ; Kim et al., 2007), F7=. TA X VEGF OFEA % il L T BRB OfHE %
i<z ENHESNTHDEN, A MV x 7 va k3 21ERICEL TR
RSB %\ (Zhang et al., 2008),

ABFFE IR e A A P R RIS 22 O C I A% M | S 2 & T AT
JeaATV, TA LB VEGF BOEH AT 5 & &bz, TA OFEFEHDO—>
ELTHA MY 7 v a it AERERG L,

F28n SEBRAMEL R 0Tk
2-1  SEERAPEL
AR WY R OGAFITI TRELD LB TH D,
Recombinant human VEGF165 (VEGFis). TNF-a, IL-1B, human VEGF

monoclonal antibody ¥ R&D systems (Minneapolis, MN, USA). Fluorescein
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isothiocynate-dextran (molecular weight ;70 kDa), Dexamethasone (% Sigma-Aldrich
(St. Louis, MO, USA). 17-AAG el TR+t (Osaka, Japan). ZO-1
antibody. occluding antibody & TF claudin-5 antibody i Invitrogen (Molecular Probes,
Eugene, OR,USA). Fluorescein horse anti-mouse IgG antibody /% Vector (Burlingame,
CA USA) L0 ZNTNHEA L, £ TAIZ. Db & RS (Kanagawa,
Japan) LKV AFLTz,

2-2 FEERITIE
2-2-1 Mifuks2E

b b LS N B AR (Human retinal microvascular endothelial cells ;
HRMECS) (%, DS 7 7 —~ /A A A7 1 Wk tt (Osaka, Japan) 75 A
L7-Miflaz i L7-, B5#&8121% CS-C medium & culture boost % Cell Systems
(Kirkland, WA, USA) L VIEA L., b ZRE Ltz e, fMlaks®ix

37°C. CO, B 5% D&t TiT -7,

2-2-2 b MHEREUNILE N EGHE (HRMECS) 2P aER

MEREEIm 4 751X Transwell-Clear (pore size of 0.4 pum; Corning Incorporated,
Corning, NY, USA) % FVNTEHi L 72, HRMECs (3 1 ™7 = /124 V) i % 5x10% cells
747X F o ea—7 07 Lz Transwell @ b v 7 F v L3 — KR
L, 3y 7z MIETLETRHERE L, TOK, by 7Frin—
ER N AT v o N—DE A VEGF, TNF-a, and IL-B. Triamcinolone acetonide (1
UM). anti-VEGF antibody (10 uM), 17-AAG (0.1 uM) % &4 L 7= CS-C medium (Z
LT 24 WG 72 RpfEEER Lo, B8 %, by 7 TF v o\ — 0 E )

1 70 kDa @ Fluorescein isotiocyanate dextran (FD) (Z23# L ClliS: ¢ 2 BRI BS
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BLICEEEZ, AT v o= MZRERIL~vA 7L — ) —&—
(TECAN, Ménnedorf, Switzerland) Tbifi & 490 nm. A& 520 nm TH{OLR
FEZRE LT, ME LZaRENOREREZIER L, R FATF ¥ o —ho

FDEEZHEE LT,

2-2-3 SRR Gt

HRMECs 137 4 7%/ F & a—hLATA RIZ 1V =/Ldizbh 2x10°
cells fF L, 2> 7L M2 5 ET37°C T 72 Wik Lz, K5tk 20
ng/m @ VEGFes . 50 ng/mL @ TNF-a, 10 ng/mL ® IL-1B, 1uM O U T L3/
RyTRN= R E A LIS AZ# L T 24 R E Lo, Mlid 4% o0
paraformaldehyde (WAKO) T 10 43R & L 7=, & D% PBS (Invitrogen™, Thermo
Fischer SCIENTIFIC) T4 L. 0.2% Triton-X 100 (Sigma-Aldrich) &4 PBS T 10
BRI 21T 72, £ D% PBS T L. 3% Bovine serum albumin
(Sigma-Aldrich) % HWT=RR T LR 7 a2 v ¥ 7 %217 -7, £ D1k, anti ZO-1
mouse monoclonal antibody unconjugated (1:100) % #sJ0 L C 4°C C 2 eSS S &
7=, PBS T¥ti#1%, Fluorescein horse anti-mouse 1gG antibody (1:500) % Fv> T 4°C
T 1 R RO S 7z, PBS THEE# . VECTASHIELD Mounting Medium with DAPI
(Vector) Z IR L CREGA Z1T - 7=, BT EOEIEMEE (Olympus, Tokyo,

Japan) % FH\WTHREE L=,

2-2-4 DT RELTavT 4T
HRMECs %17 = /L& 7- v 5x10° cells T12 7 =/ L — K (Corning) |Z#&FE
L. 72 Lz, Mifanar 7oy MOELEZ, IPM D R U T A3 )

0 7 ® b= RZALE LT 37°C T 24 FRfE% L7, T O%MIIE RIPA lysis
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buffer (Thermo Fischer SCIENTIFIC) (Z Phosphatase inhibitor cocktail & T* Protease
inhibitor Z RN L 7= MR IAARIE ClalL U7, HIRRIRARIR R D &7 > 87 BRI
BCA protein assay kit (Thermo Fisher Scientific) ZHWCTHIE L7z, 1 L—2 %7
D 10 ug d & 737 'E % 5-20% SDS gradient gel (Wako) (Zv—7F 1 > 7 L, &EX
kB 21T - 7=, vkE# . ~ V1% polyvinylidene fluoride membrane (Millipore
Corporation, Bedford, MA, USA) (Z#5%5 L7, Membrane (% 0.02% tween20 % & A
L 7= Tris-buffered saline (TBS-T) CTai#4 L 7= 5% Skim milk T 30 /[l 7 v v %>
AL L7z, TBS-T T membrane % ¥aif%. ZO-1 (1;250), Occludin (1;250),
Claudin-5 (1;250) and B-actin (1;10,000) #i{& T &7z, Membrane z TBS-T T
PEid% . Horseradish peroxidase-conjugated secondary antibodies (1:2,000-5,000; GE
Healthcare, Tokyo, Japan) & =i T 1 Bff# G S 72, Membrane % Veif%, b5
FEHFE TH D ImmunoStar LD (Thermo fisher science) & 5 23 SH72, 23
> ROk 13 Image Reader LAS-4000 (Bio-rad Laboratories, Hercules, CA, USA) %

HWTITo 72, /N> RIEEEE Imaged 2 FHWTHRHT L=,

2-2-5 WERIFRIARAT
T IXEE £ BEERRE TR Lo, MEEMIENTIZ Students ttest & 7213
Dunnett’s multiple-comparison test % i\ 7=, fGRERM 5% AT TH 258 & #iat

FHNCHAE TH D Ll L7,
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B3R B
3-1 VEGF, TNF-a XV IL-1B 12 & 5 & Mllssfs I i & N A fiie (HRMECS) 2
P TCHEE FH O A

AR TIX, RIEMES A U A U Th D VEGF, TNF-a KO IL-1B H3HEE . &
DFNEZ T SH 5 NCHOWTHERTT 572012, in vitro 7 V2RI L 72,
N7 v X7 = L2 HRMECs 48 L, VEGFies, TNF-o & OV IL-1B % #LiE L 7= B%
R AT 2 VR LR EEROBRELZNEST 5 2 LI L0 itz 7k
i L7z, & OfEF, *HIERE Lt L C, VEGF ALEREIX 1, 2,5, 10 M OY 20 ng/mL
% 24 WE[RJALIE -2 Z & C HRMECs Ot & I KA TTIHE S+, 5, 10 &
20 ng/mL THE ThH o7 (Fig. 19A), & 512 VEGFqes (20 ng/mL) ¥si0 6 R
#% TlL HRMECs OZ @ MEIZ 2 UITERD DAL Do 7223, 24 R (21% HRMECs

PEIXAEICTCE L, ZOERIZRKR TH o7 (Fig. 19B), <HIRHEE & bl L

T. TNF-a ZLEREIX 1,5 K OV50 ng/mL % 24 FE4LE 35 Z & T HRMECs Di%

WM 2 FE AR AF RIS TUE S, 5 OV 50 ng/mL TIXAE TH - 7= (Fig. 16C), £
72, TNF-a (50 ng/mL) #sh0 6 B0 5 B /2Bt OTLENRRD Hil, £ 0
TEH I 24 Bl TR K TH - 7= (Fig. 19D), *FFREE & bbife LC, IL-1p (0.1, 1 KX O¥
10 ng/mL) 1%, BEEEKTERYIC HRMECs Ot 2 it &4, 1 KT 10 ng/mL T
EETh-o7- (Fig. 19E), £7=. IL-1B (10 ng/mL) #hN 6 FEfE# 75 HRMECs @
FHRPEITAEICTOE L, FOMEMIT 24 FEfZICR R TH 7= (Fig. 19F), LU L
DFERINE . RIEMWYT A 1A > Th D VEGF, TNF-a XV IL-1B 1X, WIh b
HRMECs D Z itz i S5 2 &R STz,
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Fig. 19 Elevation of permeability in human retinal microvascular endothelial cells by the
treatments of VEGF, TNF-a and IL-1p.

To detect the cytokines which are increased to HRMECs permeability, fluorescein leakage was
quantified at several cytokine concentrations and treatment times. (A) HRMECs were treated by 1, 2,
5, 10, and 20 ng/mL VEGF for 24 h. (B) HRMECs were treated by 20 ng/mL VEGF for 6, 24, and
48 h. (C) HRMECs were treated by 1, 5, and 50 ng/mL TNF-a for 24 h. (D) HRMECs were treated
by 50 ng/mL TNF-a for 6, 24, and 48 h. (E) HRMECs were treated by 0.1, 1, and 10 ng/mL IL-1p
for 24 h. (F) HRMECs were treated by 10 ng/mL IL-1 for 6, 24, and 48 h. Data are represented as
means + SEM ; n = 12 wells. *, **: P<0.05, P<0.01 versus control with Dunnett’s multiple comparison

test.
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3-2 VEGF, TNF-o & OV IL-1B (2 & 5 ZO-1 JRfEZ A4k

3-1 OFER L V. VEGF, TNF-a X OV IL-1p 1%, HRMECs D% % Jiitk S8 %
ZEMIRENT, ARiBRTIX VEGF, TNF-a KXY IL-1p DRIEMEY A b A i
BA RN var BN ETHDZO-1IZED X D 2% KIFT D
WTRRET LT, T OfER, xHREETIZ HRMECs OAIREIZ ZO-1 DI BLIAFED
bivlz (Fig. 20), La~L. RIRICEEMEZTTHE S D&M TH D VEGF (20
ng/mL). TNF-o (50 ng/mL) % OV IL-1B (10 ng/mL) % i E 4L 24 R ALE T 5 =
& T, RHREECITMIRIEIZ RTE L TV e ZO-1 OFBIMATER LTz, Mlaozyt
BATHol=L A, XHERE. VEGF B, TNF-a BEL OV IL-1B BEDO W HICHE W T
ZACITRO b2 Tole D RIEMEY A NI A 2K D Z0-1 OEKITHfEsE
IZEER L7222 & 3R &7z (Fig. 20),
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Control

VEGF
20 ng/mL

TNF-a
50 ng/mL

IL-1B
10 ng/mL

Fig. 20 The localization of tight junction protein ZO-1 in HRMECs by the treatments of VEGF,
TNF-a and IL-1.

Images show the localization of ZO-1 protein. HRMECs were treated by 20 ng/mL VEGF, 50 ng/mL
TNF-a, and 10 ng/mL IL-1p for 24 h. Then HRMECs were immunostained by ZO-1. The scale bar

represents 100 pm.
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3-3 b MBS N IR (HRMECS) i@ LiElc 425 F U 7 Ay )
7> 7% k= ROEH

3-1 OFER XY RIEMY A MBI A THD VEGFes. TNF-o LTV IL-1B 4L
B35 Z &IZL > THRMECs OFREZTTHES TS Z L2 50 Lz, AR
BRCIiE, Zo@EEMITHEIS R LT, BRI EBERIE ORI LT ST
W5 TA PP VEGF HUA DS R 2 R0t Lic, T OkEH, SRR & i L ¢
VEGFie5 (20 ng/mL) Z4LET 5 Z L2 X W HEIZ HRMECs it & TolE S 72,
Z D VEGFg5 12 & 2 Fl M e Ic st LT, TA (1 uM) E7-21351 VEGF Hif& (10
UM) 1L HRMECs ZEilatE i 4 A EICIsl L7z (Fig. 21A), £7. TNF-a (50
ng/mL) (%, XFPRRE & LLEE L CAE 7 HRMECs @@tk tENRBd b, =
® TNF-0 {2 X %5 HRMECs i@t e % L. TA (1 uM) L HRMECs %k
OTLEEFEICISEI L=, Lo L, HL VEGF Bk (10 uM) iX, TNF-a 2k 5
HRMECs i 7ot 2 40| L 72 2> 7= (Fig. 21B), IL-1p (10 ng/mL) 1%, xfFEEE
Erbig U CAHEZ HRMECs BB MEDOTLENRRO Sz, 20 IL-1B 12Xk 5
HRMECs Zi M Tz %k LT, TA(1 uM) 1% HRMECs it o Uitk 2 A & (240
H L7225, $1 VEGF 14K (10 pM) 11X IL-1B 12 & % HRMECs i ita i yTk 2 il L
7eino e (Fig. 21C), LA EDORER NG | TA IZRIEIC X D HRMECs #ia Mt i %
9% 23, BT VEGF Hiik1E VEGF 12 X 5 HRMECs & il Lk O A5 e v
ZEDBH BN T,
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Fig. 21 The effect of TA and anti-VEGF antibody against hyperpermeability by treatments of
VEGF, TNF-a, and IL-1p.

To compare with TA and anti-VEGF antibody, fluorescein leakage was quantified. (A) HRMECs
were stimulated by 20 ng/mL VEGF for 24 h, and were simultaneously treated 1 uM TA and 10 pM
anti-VEGF antibody. (B) HRMECs were stimulated by 50 ng/mL TNF-o for 24 h, and were
simultaneously treated 1 uM TA and 10 uM anti-VEGF antibody. (C) HRMECs were stimulated by
10 ng/mL IL-1p for 24 h, and were simultaneously treated 1 pM TA and 10 puM anti-VEGF antibody.
Data are represented as means + SEM ; n =8 or 9 wells. *: P<0.01 versus control with Student t test.

**: P<0.01 versus VEGF, TNF-a and IL-1p with Dunnett’s multiple comparison test.
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3-4 b MRS N EHIAE (HRMECs) N U THEBREICX 92 U T Ay )
27k =R (TA) KU VEGF HLiED/EH

3-3 DR LY . TA DRIEFUS 245 Z L 1T &> T HRMECs gt ik
EHIT AL AR LT, KRB CTIXTADRERESY A Fovy 7 v a VIT/ERL
TEBMEICHEL RIET 2B Lz, TAQUM) 1%, SHIRRE S i L THEIC
HRMECs D& iatE &K F &7 (Fig. 22A), SSICH A Moy 7 g B s
JEToH5Z0-1 ODREEZFRTE T A, TA (L uM) 1 x5FFEEE & bl L T Z20-1
DHBLIFEA~D JFFEN RS Hi7= (Fig. 22B), TA ® HRMECs Bt 21K F & &5
fEMIZ, 0.001 ~ 100 uM DFiPH T EALAFHI TdH 7= (Fig. 19C). = HIZ, TA(L
UM). FLVEGF LK (10 uM) L VT 4 £ % > (Dexamethasone ; DEX, 1 uM) @
HRMECs i E (25t 3~ 5 EH 2 bhis L7= & 2 A RFRREE & bl L C TA XL OV DEX
I HRMECs #Ei 2 A B ICK F & ¥724%, Bt VEGF Hifkit HRMECs ik %
KT SERMo7 (Fig. 22D), ML EDHERND, AT 0 A RIZA Fov 7 v

IZVEA L CGERMEICREZ KT Z Emml s,
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Fig. 22 Enhancement of HRMECs barrier function by TA.

To detect the effect of TA against HRMECs permeability, fluorescein leakage and ZO-1 protein
localization were investigated. (A) HRMECs were treated with 1 uM TA for 24 h, and fluorescein
leakage was quantified. (B) After 24 h treatment of 1 uM TA, ZO-1 localization in HRMECs were
differentiated by immunofluorescence staining.  (C) HRMECs were treated with 0.001, 0.01, 0.1, 1,
100 uM for 24 h, and fluorescein leakage was quantified. (D) HRMECs were treated by 1 uM TA,
10 uM anti-VEGF antibody, and 1 pM dexamethasone (DEX) for 24 h, and fluorescein leakage was
quantified. The scale bar represents 100 pm. Data are represented as means + SEM ; n=3 or 4
wells.  *; P<0.01 versus control with Student’s t-test. * ; P<0.05, ** ; P<0.01 versus control with

Dunnett’s multiple comparison test.
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35 HA Vv varyZ N HEEIICKHTDL NI T LAY/ nr TR b=
ROVEM

TANZA N x> 7y a 2RI BEO—D2ThHhD Z0-1 DRfEEEL S+
DT EERUIEN, KR TILZO-1 2502 Nox v va s B2 nrg
DRBUEBE RLIEL T DE0Z et Lc, TAQ UM) % 24 FFfLE T 5 Z &
LT HA N a B/ ETh b ZO-1,Occludin Kz T Caludin-5
DE 87 EFBUL, WIS R REE & Heli LT B 2 e 2 KITRR D iz
o572 (Fig. 23A-F), TAIZX A by 7 v a XU R EORBE (L SE

T, JRTEEZ{L ¥ T HRMECs OiFZmMEIC B LY MITT Z LRIz,
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Fig. 23 The expression level of tight junction proteins in HRMECs with treatment of TA.

To detect the expression of tight junction proteins, ZO-1, Occludin, and Claudin-5 were quantified by
western blotting. HRMECs were treated with 1 uM TA for 24 h, and proteins were extracted by
whole cell lysates. Representative images show (A) Z0O-1, (B) Occludin, (C) Claudin-5, and B-actin
as loading control. Each graphs show quantification of band intensity (D) ZO-1, (E) Occludin, (F)

Claudin-5. Data are represented means + SEM ; n = 12 wells.
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36 ZAaanFaf RZREEEZMN Lz BN mE N KW
(HREMCs) FMEICktd 25 NV T LAY/ arT7® b= KOEH

3-412BWVWT, TASRDEX O 7/ /b= )LF = KA HRMECs Bt (C 8 % I
ET 2L AR LERD, ZOEART VaalLFadl RSREENLELOTH
L0 RE LTz, ZvaanFaf ReREROKRIEICIX, Zrvaarsdad
REZREOEBITZAET 5 17-AAG Z o, TA(LuM) % 24 FEFALE 2
Z AT K o THIREE & b LU THEIC HRMECs @ FD il & A3 8 L= (Fig.
21), L)L, TAKQYZ vaanvFaf REFEOT 2 T=Z | 17-AAG (0.1
UM) D [RIRFERANE TNZ 17-AAG (0.1 uM) HAREINIEL, HRMECs @ FD i #1(2
S UCH S RIERZ RS 2o T (Fig 24), Bl EOFEENS, TAIZZ L2 =

NTFaA RERIEE L THRMECs ® FD BB a2/ S8 5 2 LR RIEBE XN
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Fig. 24 The enhancement of barrier function by the treatment of TA in HRMECs via
glucocorticoid receptor.

To detect the increase of barrier function of TA via glucocorticoid receptor, fluorescein leakage was
quantified by combination of TA and 17-AAG. HRMECs were treated by 1 pM TA, 0.1 uM
17-AAG, and combination of TA and 17-AAG for 24 h. Data are represented as means + SEM ; n =

6 wells. **: P<0.01 versus control with Student’s t-test.
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AT B

ARFE UL, MR I A B M TCHE L 6 D TA MO VEGF SR DEH % Felge L |
E 51T TA OIEABEF 2B 6202 Uiz, TA IIRERISHETZIE & b RS 25 RIE
M A N A > THD VEGF, TNF-o OV IL-1B 12 K 0 JUiE S 5 Hals & 75 1
PEOTLHEZ WTIDOV A I A AZOWNTHIM L7z, —J. $it VEGF Hiikix
VEGF (T & » THTiE & 2 MR AE Bk O 0l L7z, & b= 7 rx b
¥ THiE L72 HRMECs (2% LT TA ZLES 5 Z L2k - T, TA I3 HRMECs

DT PEZ KT S ¥ 72, TA © HRMECs OF Pt 2 K T <& 2 /EHIL. TA 23 ZO-1,
Occludin } O Claudin-5 % > /X7 B DRI & S IF$ 2 L 72 < ZO-1 Dl
B~ RJEE L E R LTz, £72, TA ©® HRMECs &M FIEAIX, 71 =
ANFaf RZRERENLIAERTHD Z RN RS T,

INET, SMBEREEIC K > TEASNDRIEVEY A N A > & HEIRE s bE
FIEO B 2N ST D (Doganay et al., 2002; Shin et al., 2014), H# /R 55 5
ESPHE PRI S BEVEIE T, VEGF OFEH BT 5 2 & THMERIERIC L 5 A
MERDIMAE N ECIE FZ B TTENEC D Z ERMmBNTWD (Miyamoto et
al., 2000 ; Funatsu et al., 2003), = ¢ VEGF (2 & 5 & @&t otitEiL, VEGF (2
£ % Occludin 2 TN ZO-1 U U {biz L - TH L 5 (Antonetti et al., 1999; Harhaj
et al., 2006), HEIRIFE T »~ b OMEETILET 5 A M ERERE LM E F i ME Iz kT LT,
TNF-o 5513 T 5 Etanercept 23R A R~T Z L B3HE STV % (Joussen et
al., 2002), t MZIBBWTHIERAEMEBENEESE O K TIX TNF-o EEA S L
LTWDZ D, HERIFEEBIFEIZR LT TNF-o #5513 TH % Etanercept <°
Infliximab 23520 % 7~ (Itoh M, Nagafuchi A, Moroi S, 2007; Mirshahi et al.,
2012), BERIFEZ v S OMEEET IL-1B OFRIAN EFH T EnMEINTEY,
b b OFERIGHEEE O AT IL-1p DR HER STV D (Liu et al.,
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2012; Zhou et al., 2012), TNF-a KO8 IL-1B (2 & » TITHE & 5 i 751

Nuclear factor-kappa B (NF-xB) %41 L T ZO-1 DA ~D RELZRET 5 (Ma,
2004; Al-Sadi and Ma, 2007; Kimura et al., 2009), A5 D Z £ 726, VEGF, TNF-a
Fe OV IL-1P VEAEIB A Fa PE TTHE OO SRR T do V) | Ml PRI 28 B V7 M 0D FEAE 1 T < [
HLTWDEEZBILD,

ARFZBWTC, invitro I8V TH VEGF, TNF-a & TV IL-1B i< HRMECs D371t
PEILEFERZ R L, EHIZZDOERIC ZO-1 MlaE~DRELZ 2SI, ZD
VEGF, TNF-a }2 TV IL-1B (2 & @ iElT s LT, TA W @i T
A L7223, $U VEGF $iiRix VEGF (2 X 2 B T o 2l L 7=, VEGF,
TNF-o LTV IL-1B X NFxB 2/ L TRIEZFFE L, A4 M v 7 v a &k
fE XH 5 (Kiriakidis et al., 2003; Clark et al., 2015), F7-. Z /2 a)F a4 RNk
NF-kB Z#BHE L CHRIEZMETHZ LRI TW5b (Ray and Prefontaine,
1994; Scheinman et al., 1995; Barnes, 1998; Adcock and Caramori, 2001), Z i1 5 D&
27236 TAIEZ VEGF, TNF-a &K OVL-1B 12 & » TiEMAL Sz NF-xB ZfHE L T,
TA [ ZZIEMETEZ MR L T o B2 b5,

TRYPAZY R FraLFy o REOTVaanrFasl NiE, 7y bR
b MK NI BN TEOFBEA R TS5 8, SHICFA MUy
I a v BN EEENESED Z ERMBILTVNS (Romero et al., 2003;
Forster et al., 2008), —J Ct hbHL VEGF $ifkToH 5 Ranibizumab K& O
Bevacizumab [3Z i D FEEE O —2> T & 2 M N R IL O BB IR0 & A
Ny var 2o N EDORELZELS R (Deissler et al., 2012), A
FEOFRERNG, TA RT X% A XV X HRMECs D&l K FEE5 2 &
HU VEGF HURIZZ M B Z RIS RNWZ 2N L, 61, TAD
ZOFHWMEAR TEMIZIX Z0-1 O /ELEILZ S 23, ZO-1, Occludin & O}
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Caludin-5 O % /R ERERITIIZEE HE X 72N L2 HALNI L, 202
LG TALL, ZO-1 DJRTEEZ(L ST HRMECs OFPEZ K T S ¥ T\ 5 Al
BEMENEZbNT-, B Rua/LF Y i3 20-1 OfFfEE 2L ST e MXImEN
BHRRD AN TR Z D 28, ORI vaanFa s RREDT
X I=A MIZXoTIHKLT % (Furihata et al., 2015), Z DO b, TA O
HRMECs DOt Z2 R F S EHEMICE L T 7 v aaFas ReRRzIT
LIERTHADNERFT A0, ZlvaarFa f RERIET 2 T=2 k
17-AAG & TAZ B L7 & 2 A, TAIZ X % HRMECs O @R N ER IXIE K
L7, 17-AAG IZ. Heat shock protein 90 (HSP90) DFHEHITH V. HSPIO o FHE
AL, ZvaanFadf RZEFEOBBITZHE T2 (Primaetal., 2000), TA O
HRMECs O\Y THEZ @ H1EH b 7 b3 avF oo RZEERZ L CHRE
LTV HDEZEXOND, TAIZZ VaaLFads REFKEN LT ZO-1 &
R~ JRE AL S /- F5 5, HRMECs OB M B % KIE L7 aTREMEN S X
bie, SHIT, ZO-1IFM B 2T 27 7 F oMl s R+ Th o
R~ 2G5 Z &2V S Cu B (Itoh M, Nagafuchi A, Moroi S, 2007),

bz ent, TAIZZA M ox 7 va 2o RGO EL LS
RIno Ty, TAIZE - T ZO-1 lfaE~ & RfENZL LT-fER, 20-1 &7 7
TR KAV 7 L OFEAENEIM L, MlaF EOEENRE T2
HRMECs D Z e 82 b L7 rREMESE 2 HiTz,

ARFETIZ, HRMECs Z /AW TZ D@t 4 iR & LT TA LHt VEGF Hikd
LEBE 2 O TA OFEFFIZ DWW TRRE L7, TA 13H0 VEGF $itfk & bl LT, VEGF
IZ & %5 HRMECs #EPETTEIEH 721 T2 <, TNF-a X OV IL-1B (2 X 2 &t T
EER LMHET 25 & & HIC.HRMECs @ ZO-1 RifE2Z{b I D L 572 %4 by
Y7V a CEBEEH LT HRMECs O THEREZ FH D 2 &R &S iz,
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TADTERHF & L TR RO IDOFREEDNH D EE X Hivd, —2 HIZ NF-KB
DIEMAL ZIH L CRIEMES A S A COERZRBBLS TR0, ORI
PEICFEASNTWAYA b AA VB NFKB 250 LTHA MY 7 va v EK
FESELZEEMBITLHI L, Z2HIFXA N7 v a VITEBERALT
Z ORI TFIHB L LTV Vb EICE e 52 TN THRREEZLESE
HZETHD, BV, ZNO = 2>OFNEESIICEEL WAL Z EHE
2 BHiLD,

TA K OWL VEGF 313, W & 3S0ITHENTh 2 23 © 1 2 BEFRI s B 7 E
AWHEIELDT TR BERIFEEZEOIREIZ L > TRRNER D,
Shimura & O LAUX, ST lrkEE (optical coherence tomography ; OCT)
I & 2 RIS B IE O FERE /Y HH C TA OVEIEINHIZN R & et L7 R, ARy
DIRTRIE SRR IR I IE DS B o 7o A3, BRI R 5 B 2 BRI
2>~ 7= (Shimura et al., 2011), #t VEGF 3£ Bevacizumab (ZB8 L T & #ij[a] & AfFZE 08
B TEY . Bevacizumab 23 bR AR LTZDIZAR L RIFHETH 5
ZENHE STV (Shimura et al., 2013), Z D K 9 (THERIS BBV IE O JE BE
(&> THRIEDRRES VEGF OG- RR L ZENTREND D, BIED
BRI BT 58 —1BIRIIHT VEGF HTH 5 2 WIBITIE U TR O3 1T 23
WETH D,

ARETIE, TA YA b I A 12K HRMECs O if 4 751 U 1E I 2 i)
THZEEWRLNI LI, IHIC IV aanNTF A RZEEREZN LT Z0-1
DJRfE 2 Z L S, HRMECs ICEBIEMZXIFLTHA by 7 v a v &5k
b9 2% Z EMRBEIh,

76



RIER O

HFREARIR O L2 6, @S LI EWS RN PRI DRETH D
TN i 5 B 28 M OB PRI BB S MEE L VR B R B 2 VIR IE DS 0 IS S TV
W, FIT, FilBREEZHBE T 27O OIREENOREZ I E LT, %
MR N PR AT NV Th D~ U AMIBCIEE &7 L & Wi E 21T - 7,
FRBREREOERABFMAEZENE LT, b MM/ S N R
(HRMECs) % W CTHERIN BRI THL P U T Ay /v T F=F
(TA) ZHWIF R &2 T o7 IO, 7V =TGP HNVADRN Dy —ThhHT
IR N T~ U ZAMEDLREEET BT 5 BRI &3 2 b A
N RO ZBE LTz, HEVTH A A BRESK SNJ-1945 # -\ T, v T &
MRS T 7 B T DM )T 2 S v OB &Kt Lz,

512 HRMECs % FiV T TA @ HRMECs & MEIC kT A ERH /st LT,

B 1 ECIOEE R~ U AR E T TV LT 2 TR & O CERERUN
HBEAMEIC N T, BB LA N L AR MR OIRRY & 72 0 15 5 I a et Lz,
1) =X T7RAL LRI L D~ U ARG O 7 R b — 2 ZFFE 2 L,
ARNEAR A 224 A i L 7,

2) X ITRL RIICL D~ U ARG ~DOfE LA b L ADFEAEZ )
il L7,

3) =X TARUIE, HIRINT L D~ 7 AREEERE DI T 2 #nifl L 7=,

4) X TR, KBHEIZ LD MAPK OIEME LA I L7z,

2 mTIINH R~ v AREEEE TV RO L3 PR S SNI-1945 &
W TCERERUIIG B BE A M2 BT B SA U RERW IS ORER & 720 155 )
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it L7z,

1) HHRHIZE > Tv o 2T L3 o OIEHELTED Hiu, SNI-1945
FERRINT K D TS A v DIEMAL Z 0] L 7=,

2) SNJ-1945 % SERRGHZ K 5~ v ARG ARILD 7 AR b — 3 AFHE A HNH] L,
B e 28580 2 B L 7,

3) SNJ-1945 %, JEMUHIC X%~ v AHEBERERE DK T 2 Bl L 7=,

4) SNJ-1945 1%, SERREHIC K B A A8 —F 317 OIEMHAL Z 40 L 7=,

%5 3 B ClL HRMECs # W\ T, TA DIEHEF Ot 21T - 72,

1) TA %, VEGF, TNF-o O IL-1p |2 & 5 HRMECs #ita M TeE e 2 4] L
77

2) TAZX. HRMECs @itz B K FRIIZAK T &8, HRMECs H o Z0-1 &
LS HT,

3) TAI%.ZO0-1,0ccludin & X Claudin-5 ® % /8 7 B3 2 2L B2 o 72,

4) TAIX, ZvaanFdad RREEEZ LT HRMECs Bt 2K~ S H 7z,

AWFFEORER L0 | FEMaBIN S BB DR RRIZER (LA b L A O LR A
YRS B o TR VIBFIERN E RV L. o F TR KT SNI-1945
ITHHIE PR & 72 0 155 2 & D3RI S du 7o, TAVIRE R 9 BBV B L %k L C
PIRIEERIZ & » TRIEVEDT A N A U K 2T 2 If 3 5 721 Tl
2, WD Z A ST 7 a v ORREA E O CTHRIBIC X DM i 2 0
Hl LTS Z &R E Tz,
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