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TN BEZ M (age-related macular degeneration: AMD) 13 1C &\ T HEAH
NIDOEET 28T LENET 5 2 LT X D, ARLHERNZ LR o R4 U
ZHBEOMREEETH 2, HATRECKHEEIC HARBEEE D w3 nT
&, Ao Eilib, BEEORK R EDQEEIC X D EERNEICH D |
RANIZBIT 2 HEEEERONE 440 2>Tw% (1), AMD 13Z DAl k-
T, BHA (exudative AMD) & ZHfiH! (non-exudative AMD) O fEHIC
5, BHMIIHEEGE FF (retinal pigment epithelium: RPE) DMl & 3 JIRk#&
Wi & B R MEFENPR IS 2 L ICL DHEBOEENIKL I 25D THS (2),
R o M2 ER T 5 2 L THMBOBRENER 2179 RPE 0Z
fiiic X M2 1 Lo LT Ml oEEZ T /T (3). AMD BHEOHE
A TIEBEA?ES C 4, —HBKRTIREHEIREZ HED TS (5),
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Fig. 1 Schematic diagram of retinal structure.
(http://nakamuraganka.com/kouzou/image/moumaku_myakuraku.html X O 5| HZZ%)



RO AMD JERED 9 b, BIHA AMD (B L TR PN R AT SR 1
(vascular endothelial growth factor: VEGF) ¥ 2 S N ANHERE D2 | SHEL
BEEERTEPHSICINTE D, BIETIE VEGF W E LT
ENHTH 2 7R 7R 7 7Y Nt 7 ks 8274 VEGF k% 13
UCo & LARIIBEESHEL SN TV (6-8), —H. ZEHEi AMD ICBIL <
(IR BT IR T I R B i85y 23 % < . BRI IRBRE REE L v, ZEHiE
AMD ZHEBEEE DR CTHEELR T Ay b« X T4 AL - Z— R E S,
AR BERROFERE TN TS (9),

ZHEM AMD OFEEL VA7 7 7 77 =3P TN TH S, 1) S KER
KOBEEHHERKE LT, ¥V 7B 77 —X¥D—fTH % high-temperature
requirement A serine peptidase 1 (HTRA1) DA HL (10), A IEM:LEE R EEHl
HRT-O—fETdH 2k H KT (complement factor H: CFH) D& ¥ 7 E23% %
(11,12), 2) BARMER L OBREN T & LC, i (13, 14), B2E  (15,16).
DRERFTE (17, 18) BTSN 5, M AMD Tld., TS OBEEIEEA & BibE
LR DGR DB 72 BT 12 K DIRETZR S 115 (6). ZEi AMD D
RNV A7 77785 —¢ L TREIROER & 72 2 it 18%wN s
MBILA P L ADEFEEGENPRE LI EPHEINTVS (19), 72, RPE fifdz ¥
NIRRT T 5 L TR b LR LRI LSRRI D |
ZIUTHEDT/IMEE A P LA, IFEEEZIEET 2 2 EPHEINTVW S (20),
iz X 28U & RPE flADBEHE SRILA FL Z 2N L7 bDTH S 2 D%
BHEINTw3 (21,22), L2LA236, ZOEMENAEBLA b L R ZENS
FHIHFEIT O ELHEII N TR,

A b L 2ADOKRBIZEERNTHAET 2 IEEBHERE (reactive oxygen species:
ROS) TH %, ROS IFfHFHICEBLWTHZ RV —EEDRIEME LTI+

Y FPU TS EENICEASINS D, WREICELE IS Z & TDNA R Z Ol
2



N E ICEEPER I NS (23), £ Iofllicd, #1447 E29ROS D
FEETRE LTHIS N T3 (24), ROS 12 X B /N EBEEICRL T 5 72812,
EHRNICIE ZNZRET 270 D% 2BILA b L AIEEBEOEET 2, i
21, BTG E UCHBLIE 2 365 250 7V 8 74 v o, IRBTTED
PALEYTH % EHE~ L DI fEIFER heme oxygenase-1 (HO-1) 72 E3H 5 (25),
NF-E2-related factor 2 (Nrf2) 13 ROS FEAICINE LTI L E ., 2o 2 a0
% DL A b L A BERE % A S TEMEAL T 2 BT CTH % (26,27), Nrf2 1F
ROS FEFFLE T Tl Kelch-like ECH-associated protein 1 (Keapl) & FEIE#L % #dfilE
K7l cRiaL TR, COREBTIILEXF v 77y — LRIk
D7 BIaRE N, AEELZ N Tw»3 (28,29), LAL74d35, ROS 23
WTHRENEEI NS &, Keapl FITHET 2ETV v TR AT A ViRHLE
ROS DRI TRETSILHHMZ . Nrf2 & Keapl DFESTELRL 25 (28, 29),
fi RIIZ 7 ) =27 > 7% Nrf2 BBEWNICHEAT L. BNIZE W T antioxidant
responsive element (ARE) &M% 70— —FFNICHES L. 22U X DT
MALINE R T OmENEML I 1D (28, 29),

DX LA b L RAREERE O T B A B 2 R T Nif2 TH 05,
M & D RPE MBI E VT Nef2 DIRETEENIT T2 2 L3 g v
% (19,30), 2D ED 6, Nrf2 Z 3B AR LS ¥ 2LEMIE. 2D &9
2 MR E 2 G 5 2 TREMED D 5

Nrf2 ZIEMHEL T 2. ZFET 5, RABRSTIE7ay a) —2 7
T RMIEENDANT AT 77, 7AVICETFNE IV IV RTA VI
HENDZLART bu— LA EDNH S (Fig.2), ENTERNE L TREBEINT
W3 HLoE LT, ZRUEBILENDEIEE DT 7 747 7% (7 ILED X
Fb; 2013 FIKRETHIARE. 2016 FICHARTHER) 23H 5 (31), £,



OH
o L s
Il _s O~ XN Z o HO A
N NP |
N X
HO OH

OH

AWNITAST7> OIVO=Z> LANS kO-)L

@)
O
IRIVEZ AF)L JOLRFVOAFIL RS9
FOT1759) (CDDO-Me Z7/=(2RTA402)

Fig. 2 Chemical structure of Nrf2 activators.

2018 £ 6 HE DNV F¥yra v AF)L (CDDO-Me. RTA402) O R 1 i
R 9 2 ENE M MK IR S 41 Tw % (A Phase 1T Study of
Bardoxolone Methyl in Patients With Diabetic Kidney Disease: AYAME Study) (32),
oV FE v a X FOLoERERREE LT, BEE ez E 57 LR
— MEBRREDIBEDMTHIL TS (A Phase 2/3 Trial of the Efficacy and Safety of
Bardoxolone Methyl in Patients With Alport Syndrome - CARDINAL) (33), Hiiik L 7
&£ 91T Nrf2 DIEHEAIE, INEHEREED B D 28k 4 BB TH 5 ATRgtk DS
ZEZoN5H, BEHEME LT N2 IGHACEOMANIEL RS 4% I 5% 5
BIMERDIIF S NG, £, ZEFET 2 Nef2 TEHALHR D13 & A EE, FEi
HIZRET OB ZH T2 BETH EFIENL2 5D TH %, HidL 7
ROS & Keapl DSOS & FERIC, BETHE Keapl D> AT A VMDD 6
TZEORETIIKIET 2 34, NLEF YO Y AFLD LX) IEERMRES
NT»2 FY TR/ A PO Nef2 iHHAR S REF ORI X D Nef2 276
3% (35), F/ohall, IRIFENE LTONR OFHEZFL T, AL RF



yuyXAF LD b5 Nef2 IHEAER 2 63 2alasve < oo
INTW3 (31), AMIFEICE VT, HaHTHOZALEY RS9 b ZDHD—DT
HY, FH-ZHBRASEDPBFE L P Y T £ FH N2 {EHELETH 2
(36).

Nrf2 2% ARE IZH5E9 % 2 &0 & DG FRE I N 2 HiLISE R 112 1%, gl
A+ L ZADFERD—DTH % ilizhi~ L FEDONFH 2179 HO-1 (25), #H _HHEUMN
BEE £ L CNAD(P)H %> 5 NAD(P) " DBVt % i3 2 2 &1 X b filieE
THUB{LIEH % ¥4 9 2 NAD(P)H quinone dehydrogenase 1 (NQO1) (37). [l U ¢
FEOMHEYREEE L LTV F 4 VARG Z M 2 2 L X ) i1k
YEFH % J84#8 9 % glutathione S-transferase Pi 1 (GSTP1)7 £23% % (38), Z DAthic
b PIRBILIEEA & BEM 1 535 2 & 1d 7123, p62/Sequestosome]l (SQSTMI .
DIFE p62) LMEEN S A— 7 7V —DENY VRV E R EEFHET %5 2 L3
HoNTWS (39),p62 1F Keapl DMNEHALRF-& L TOBEHHLTED (40),
p62 IZFFET % keapl-interacting region (KIR) & Keapl 2SHAEH T2 2 & T
Keapl 12X % Nrf2 ORNEWALIER G S5 (Fig. 3), 2D X 91T, Nrf2 IF
p62 ZAHLTA—F 7 7 ¥ —EKICEBICB ST 523, Nrf2 EHfLEDO A —
7 7Y =N TAERHAOA =t 7 7 =25 2EHOVIBLIER~DF 5.,
MR EANOERICBI L Tk 2Tl it e iz Itk o,
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Fig. 3 Interaction between Nrf2-Keap1 system and autophagy flux.
(Tao, J. et al., Free Radic Biol Med. 2015 X D 5| HKZ)

A TIE, TNFTHEHI N TR > 7% N2 DfFHICEBIT 24— 7 7
T —DEENEH L 72, Zii AMD OFHIERIEOFEZ B E LT, 8%
Nef2 JEHEALIEF %2 A9 % RS9 % H\>C. RPE MDA HERBERS I 3 5
Nef2 FEMEALSE DG EE IO W TS L 72 BB 1 3), & 512, Nef2 i LSE D1
HBFRHD 72012, A=+ 7 7 =% A L EHICEHR L. Sl 2 BEt 217 -
7o (B 2 E), g Ic, BIEPIFE S T B Nef2 FEELSE & 13 B2 2 Nef2 FRETEL
Mz 6 T 26EKETHL 7 IPNVETY) —v 7a R AKRMEY & Z2D6%)
AT TR IR DT %2 £1 5 7 (5 3 7).



F1E ONrf2 LRI X 2GR ERREER DA — 7 7 Y — D5
CORII =

AR, Z AMD OFFEICA — b 7 7 ¥ — DOEBEARDIT 5T % 2 & 5REG
EINTWS (4143), A— b7 7 P —ZHEEH EMWEXN., MEs gREIc s
DN BHCNTB D SH - TRV X— 2 FEAT 270D & L CEERFCH I
I @4, A=t 77 P —FHEIRE T T BN TAL AR EY &
BRET 2720 DML E L THEEEL T2 45), TFEOHE» 5, i
AMD HEE O IC B W THMENIOESR (7 7 TV A F—2 R) 1T X G
filflZ 9 RPEMATA — b 7 7 O —AR20HS I o> 72 (41,43, 46), 7Y
BREDZDIBIRS NIA— 7 7 Y —LBHE LI 2 & T RPE WICHE
HO3EWET 5, I 612, RPE fifao /M IREGHEY EFEY. PLr—€Y)
DI E A, M TICERT 2 2 L1 X b RPE Mild23ZE . Z4UctE> T RPE
Ml X D #ERF S LT B DOERBE I 5 L W) EFERIRRIN TV 5

(Fig. 4) (41, 43, 46),
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Fig. 4 Retinal degeneration process in non-exudative AMD patients.



ZHHT AMD OFIE - MR TN & L TR S N 218N 2L A b L Rk, il
INREORBGIC X 2 A EYoEEPHMEZ bt ERT S (47,48), — /. A—F
7 7Y RN SR LNEE ZBRET 2 HEREHE LTofE %
LT3 (49), IT4E, RPE Ml@IcBWTA— 7 7P —Z2HET 2 LigL X
b U RITRT B HESEDEIMN T 5 Z L E I @]), TDOT EEA—7
7 ¥ —=DRALA b LRI SMllapRE g L LT ET 2 2 L 2R L TWw 5,
L2l A—F7 7Y =LA ML AD5 ED L) ICHilazRi#ET 3
DDIZDOWT, ZOFE AR IZH S 22 > Tk,

Z ORI TR, LA N L ABHBERECH S N2 A -7 7Y
— R OB Z I S 22T 57201, Nrf2 iEMEL3EZ W TB{b A b L ALR
EEMICB T 24— 7 7Y —DOBGIC O W THMll ARG 217 - 72,



552 fifi BB OV
2-1 FEERM B

AU 7B L OGASRIE, UM o) Tdh 5,
7 uu X v (chroloquine: CQ), A7 H—ZA, N7 K )ILALAT VT EF
(paraformaldehyde: PFA) & Wako (Osaka, Japan), VY YB/KE_F Y7L+
Ko U VBRZIKKRF U YLK, 2-7 2/ ¥ 28 ) —)LiF Kishida
Chemical (Osaka, Japan), Hoechst 33342 (X Invitrogen (Carlsbad, CA, USA). Normal
Goat Serum | Vector Labs (Burlingame, CA, USA), 7 )L 4 12 <7 » b Diagnostic
Bio Systems (Pleasanton, CA, USA), Triton X-100 (¥ Bio-Rad Laboratories (Hercules,
CA. USA). O.C.T compound (& Sakura Finetek Japan (Tokyo. Japan). Zinc
protoporphyrin (ZnPP) (& Frontier Scientific Inc. (Logan, Ut, USA) X O Z#Z Ui
AL 7z, RS9 [C32H4NOs; methyl (10,20,21B)-2-cyano-21-hydroxy-3,12-dioxo-1,2-
epoxyolean-9(11)-en-28-oate] 55 —=JHRE%E (Tokyo. Japan) X D$2{iE L C

Wiz 72wz (Fig. 2) (36),

2-2 FEBRGTR
2-2-1 ks

t kBt LM (ARPE-19) (X American Type Culture Collection
(ATCC; Manassas, VA, USA) X DA L 7, ARPE-19 flifdix 10% 7 > falain
i& (Fetal Bovine Serum: FBS), 100 U/mL penicillin 2 T¥ 100 ug/mL streptomycin %
70 U 7z Dulbecco’s modified Eagle’s medium (DMEM)/F-12 (Wako, Osaka, Japan)
Z M\ 37°C, 5% CO IS THIE L 7o, £72, 2-3 HBICHHIsKHIZ 1T\, 4-5

H#:Z trypsin JLBRIC X A AkAERE 21T > 72,

2-2-2 NalOs 75 7 il o e 25 s



ARPE-19 #liffid % 96 well plate 1 1.5x10* cells/well DEEEECTHRERL L. 4 HREREGE
L 72, NalOs |Z Phosphate Buffered Saline (PBS) IZVAME L. #&IRIE 0.1-10 mM @
A U 72, NalOs %00 1 FREIRTICEZH1Z FBS A& DMEM/F-12 (238 L

72. NalOs DALE X E K 24 RFI T, Kalli1d Z DER I T2 72,

2-2-3 il A A A

Al Bel A2 o 35 1 o BEA 12 13 2-(2-Methoxy-4-nitrophenyl)-3-(4- nitrophenyl)-2H
tetrazolium monosodium salt (WST-8) assay kit (Cell Counting Kit-8; Dojin Kagaku,
Kumamoto., Japan) % f\>7z, WST-8 () I T X T4 22— —ThH 5 1-
Methoxy-5-methylphenazium methyl sulfate (1-methoxy PMS) DFEE | CAMHAEN
DIIKRFERERIC L DB I, KEEDO R VY v () 2ERT 25, 2Dk
IV VIGIE 492 nm AR 660 nm) ZIEHENET 3 2 L2k b, Afli
ZEHHN L 72, NalOs ZLEBRIR > © 24 Rf[RIER IS WST-8 Zi&IREE 10% & 72 % & 9 IS
ARPE-19 flfEIZIRAN L | 37°C T 3 IffEIREEE L 72 #%. 450 nm OWONEE2 v A 7 1
7°L— kY —4"— (GloMax-Multi Detection System; Promega, Madison, WI, USA)
ZHTHE L 7o WIEROMEZ Ny 77757 FE L ThHWfiz lvT,
Control fif & DHHMNPOLEZER L 72,

2-2-4 HHEBERA

A6 D FEAR IS 13 O HOGRERIEIC X 2 “HEEZ v, &2
Hoechst 33342 (Thermo Fisher Scientific. Waltham. MA. USA) (2 X ). gz
propidium iodide (PI; Thermo Fisher Scientific) 12 & D ZZ 4t L 7z, NalOs 2L
ERIRD> 6 24 IR 1 Hoechst 33342 KU PLVAK %2 Z L2 NUAKIRIE 8.1 uM ¢
Y 15uM %22 XHIZHmML, 37°C T 15 77[EE5#& L 7242, Lionheart FX
automated microscope (BioTek, Winooski, VT, USA) ZH Wz fro7, &

10



HHE S OFEAI L EO S S L 72 1#fR 2> 5 GenS software (BioTek) % f\>-C HEhfi#
Bri 7z,

2-2-5 3 b av FY 7RG

S hav P 7E&EM & JC-1 Mitochondrial Membrane Potential Assay Kit
(Thermo Fisher Scientific) % M\ >CTHRFEILD 7°'1 b a2 — )LIZHEWHIE L 7z, S8
{513 BZ-X700 all-in-one fluorescence microscope (Keyence, Osaka, Japan) %
WC, R 7 MR BE 2 78 9 JC-1 aggregates (excitation/emission = 540/605 nm; 7
By L7 R = X F 7 lE A E R 2l Bk B8 # 75 97 JC-1 monomers
(excitation/emission =480/510 nm; FXAHOE) %2 Z N Z IRy L 7o, Emaliliic i3
24 7u7L—1F Y —%— (GloMax-Multi Detection System; Promega) % H\>C
ZNZNDOHOGMEZ ME L 72, fxEEEORREME 2 R E1 3 E OB TH] -
7o MR FE il 2 i BTl U 72, g O FHii 12 (X BZ-X700 cell analyzer
system O H B E%EE % F V> T, Hoechst 33342 [MMifid%z A > b L 7% fif
ML 7%,

2-2-6 7z AY Y70y T X %ETH

ARPE-19 i@ X, 24 well plate 1 7.5x10% cells/well & 72 % X 9 ICFBRRE L | 37°C,
5% COx DA T T 4 HIEEGEE L 7o, Fidhscit & ARSI 217\ NalOs B INE
Hi. 6. 24 KfIgICZNZENY >V ) v IR T, Y )V TIRRE LT
protease inhibitor cocktail, phosphatase inhibitor cocktail 2 )X T' 3 % & & RIPA buffer
[50 mM Tris HCI (pH 8.0). 150 mM NaCl, 0.5% T4 X< a—nLlE)r kY 74,
0.1% SDS. 1% Igepal CA-630] % H\>7z, ¥¥ 7 )Wix s v R 7B £ T -80°C
WCRE L 72, & > 87 B E ERLE D 7B L 725838 60 uL % 4% well 129
i, +€YF A ¥ — (Physcotron, Microtec Co.. Chiba, Japan) % F\>T 30 #

11



BIRESFA XL, 2O, 20 2FPKFICERHE S E. 12,000 rpm, 4°C, 20 77
fAbab T e L 72, @ DBl 72 BiEZIEINL ., 7 o8 7B & L 7,

SDS RY 727 VUNT I RNV 2kEEEICE v F L, WA ORKEIRE I kB H]
TR (25 mM Tris. 190 mM Glycine, 3.5 mM SDS) % A1, 7 IV ZEIERICE L
7oo 172 VM) ORMEIISTFERY—A—% 3 ul, £ 7 V% 10yl L L
foo Y TN RETEME, 70 1 K470 20 mA TUHKE)L 7, WKEIER. 7 V%
cathode buffer (25 mM Tris, 40 mM 6-aminohexanoic acid. 20% methanol) Z 15 73
iR L 72, WG, X% /7 =)V 15 BRER L, @K 15 7R L7, 20
#. anode buffer 2 (25 mM Tris, 20% X ¥ / —)L) 12 20 7R L 72, Bahiil A & .
anode buffer 1 (0.3 M Tris, 20%X ¥ / —)L) 122 L 72 A&, anode buffer 2 1232 L
7o AR, BEHR, 7V, cathode buffer 1232 L 7z AHROMICHLA ., 0.8 mA/em? D5
TR CHRE L 72, BRE4E. 0.05% Tween 20 & Tris Buffered Saline (TBS; 0.05 M
Tris, 0.138 M NaCl, 0.0027 M KCI) T Blocking One-P IZ}& L. 30 Zrfdl 7w v ¥
¥ 7 L7z, 0.05% Tween TBS TPEH#%. Can Get Signal Solution 1 T—XIUA % A
FRL . 4°C T—WJ)E S E 72, 0.05% Tween TBS THEH#%, Can Get Signal Solution
2 CERPUAZ AR L THEI T 1 KRG S ¥ 72, 0.05% Tween TBS TP L 7¢
B.A L/ AZ—LDIZ 5 3R L 72, Z D% LAS-4000UVmini (Fujifilm, Tokyo.
Japan) Z MW T L 7z, —XPifRIT1E, anti-HO-1 rabbit polyclonal (1:1000,
Merck KGaA). anti-microtubule-associated protein 1 light chain 3 (LC3) rabbit
monoclonal [1:1000, Cell signaling technology (CST), Beverly, MA, USA]. anti-
p62/SQSTMI1 mouse monoclonal (1:500, GeneTex., Irvine, CA. USA). anti-
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) rabbit monoclonal (1:1000, CST)
Z iz, ZRPUARITIZ, Horseradish peroxidase (HRP)-conjugated goat anti-rabbit
IgG (1:2000, Thermo Fisher Scientific), HRP-conjugated goat anti mouse antibody

(1:2000, Thermo Fisher Scientific) % 27z, & >3 7 EH OFEHEEEE X Multi Gauge
12



Ver3.0 (Fujifilm) % F\VTEENT L 72, /N> FO5sE 2 ek L, #4 ofiz &

L%, B—F 4 v arviru—)Lt L <TGAPDH Z i L 7=,

2-2-7 MG R I K B R

ARPE-19 #fiiiZ 8 well chamber slides (SCS-NOS. Matsunami Glass Ind., Ltd..
Osaka, Japan) |2 4.5x10* cells/well D% BECREME L. 37°C. 5% CO, DEAF
T4 HREIEGEE L 72, RS9 K 72 1 3IEBEZ 50 L L NalOs LiEBHAR ARG, 6 IRFfH#2.
24 IR IC Z 21 4% PFA IC X B MEZ 15 rffT», fefeaz iiin L 7o,
3% normal goat serum & PBST (0.5% Tween &) T30 ol 7oy v 7L
oo 7Ry XU IH, —RYEkEHWT 4°C TSI ¥, 20K, X
Pk 1 KRG X &, Hoechst33342 (1:1000, Thermo Fisher Scientific) % 10 47
MIFOR S ¥ 7z, 212 PBS TPi#%. chamber ZIXNDFRE, A7 A4 FH 7 A%
Zvtae v ORIBHEEAEM) ZHOTAN=75 ATEHAL I, —X¥L
f&1X. anti-LC3 rabbit monoclonal antibody (1:200, CST). anti-p62/SQSTM1 mouse
monoclonal antibody (1:500. GeneTex). - XFifflZ, Alexa Fluor® 488-conjugated
goat anti-rabbit IgG (1:1000, Thermo Fisher Scientific), Alexa Fluor® 546-conjugated
goat anti-mouse IgG (1:1000, Thermo Fisher Scientific) % i/ L 7z, H¢fa L 7 Al
LS L — R AREMEE (FLUOVIEW FV10i; Olympus, Tokyo. Japan) %
WTHRE L7, BHRIENTICE T 524 — 7 7 3V — LA RO p62 BtEMEDGEE

Image-J (developed by the National Institutes of Health) % FH\>T{71> 7,

2-2-8 RNA T
ARPE-19 flEIZPTEE AR E 10%FBS DMEM/F-12 55417 T 96 well 7
L — FIZ 1.5x10% cells/well T, 24 well 7L — b IZ 7.5x10% cells/well TG L .

37°C. 5% CO, DFAF T3 HIEE % L 72, Lipofectamine™ RNAIMAX Reagent
13



(Thermo Fisher scientific) & U} Opti-MEM (Thermo Fisher Scientific) @ 10 nM
siRNA DIREAAR % fF#L L 7242, ARPE-19 #ifld~® siRNA HAZfT> 7, i

A L7 siRNA OFFNZLL T D) Th 5,

HO-1 siRNA

Sequence #1, 5'-CAGCUCUAUCGUGCUCGAAUGAACA-3' (sense)
and 5'-UGUUCAUUCGAGCACGAUAGAGCUG-3' (antisense);
Sequence #2, 5'-GCUUUAAGCUGGUGAUGGCUUCCUU-3' (sense)
and 5-AAGGAAGCCAUCACCAGCUUAAAGC-3’ (antisense);
Sequence #3, 5'-GGCAGUGGGAAUUUAUGCCAUGUAA-3’ (sense)

and 5'-UUACAUGGCAUAAAUUCCCACUGCC-3' (antisense).

LR D siRNA MOz siRNA (negative control small interfering RNAs)
(Thermo Fisher Scientific) % i&fn FE A 24 KRR ICHIEMEEST 10%FBS
DMEM/F-12 S5 SZHa L RS9 2RI L 72 24 IGREIESER OV v TV 28 L

TOIAY v 7ay M E{To 72,

2-2-9 FEERENY)

X777 4 vy ZBLEWIETNA 4V Y — A&~ ¥ — (RIKEN BRC;
Tsukuba, Japan) X D f@ft I 7 ¥p4M (RIKNE-WT) % 58H0 - B I ¢l L
72o BURDX 77 7 4 v ¥ 213 Westerfield D T (50)ICHEV>, 7Kil 28.5+0.5°C
DIKKEHRT, B 14 R/ 10 IR (BHE: ARG 8 P2 10 ) TEFE L
7oo EBRITIZ 4 7 Ao GEE B L, BRIERIRAART 2 7 o SR (@)
V) CEE L7, $TRTOERFIIL, b RAERREHYIEE - BIYHEBRRE S

DAGRD FTHMiL 72, £72. ARVO H 5 [The Association for Research in Vision
14



and Ophthalmology (ARVO) Statement for the Use of Animals in Ophthalmic and Vision

Reserch] (CHE U CHEEREIVIZ I L 72,

2:2-10 €777 4 v ¥ a GiEHAaREEE T 7L

WEOWE (52, 53) 1fEV, KT 2 MEOBZN % FiF s o, €7
774 vyaz 14 HE EREIICERE L > AT 2N THE LIBIEIG S €7,
HRHEERNICEY 77 7 4 v 2z, REHOKE FR3L, PRI &
DYy KB LA, BIcE 2 Boa sy 7 v 7% MlED 559 30 cm B L 72 R5E
TRk L. AFEMIC B 1) 2 IHEEDY 16,000-20,000 Tux 1272 X ) ICHHEEL. A
CD I %17 o 7o, KO ICIZELRE RS, RELFZ2H oD 7
7V RBREL T, e AKIENTICIEMERBH O 7 L — & — K OUKIRE B
DIERTZ Az, S IZZ ¥ v E %y PNTU RO Y ¥ v ¥ —% Bk
RECTITo 7z (Fig. 5). JEREFERMMO 1 RRRTHICE 77 7 4 v & 2 1R EE (0.1% 7
/) XTIY ) —VIERISINED 2 5T 1 DREERE) 220, 0.1-25
mM NAC ¥ 7213 3 mM RS9, 300 uM CQ K OAHIHE & L T PBS % Z L Z 1R
121 pL &5 L 72, RS9 DAL 1xPBS % H\> 7z, JEHHSREIZ T X CTHES 24
Rz Ic > 7)) v 7 L, MBS L CHEIEIG D A2 1T 7282 AR L 72,

Fig. 5 Light lesion of adult zebrafish retina.
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2-2-11 ARG AR RS U R (R

WK THERBICE 77 4 v ¥ 2 I8 0.1%7 =/ F> 1% /) =LK
WRIZ 5 HRIE) 20 T RS 5%, IRBRZ /L. 4%PFA &6 0.1 MPB
(pH 7.4) HFITIRE L 72REET4°C ITfR S, —MRE L 72, DWW T, 5% A7 10—
ZHIZIRERZ B L AR T 30 HE, 20% A 7 0 —AHICE L 49°CTTRTOIR
BROSEICIL T £ T (89 4 KR AGE. 20% A 7 @ — Z: O.C.T compound =2 : 1 &
WHIZE LRI T 30 0B L 7242, WA %E3E %2 HVv T O.C.T. compound HHZ
FECE L, Y9 %5 T80 CICTREE Lz, 7744 A% v b (Leica, Hesse,
Germany) % fH\»T, -220°C TEE 12um DY H Z/ER L, MAS 2 —5 4 v /'&

N7z A N—2"F A (Matsunami, Osaka, Japan) IZ#¥ . -80°C TLRFFEL 72,

2-2-12 ik Rty

AR I Qe talRs, -80°C K DEUD HIL | -20°C T 1 FffElfE L 7248, 4°C T 1
RFEICE L. S S IR T 1 IR I ¥ 72, Z D%, Super PAP pen (Invitrogen)
TR DO 2 i Tz oI R D P 2 FHA 72, 10% normal goat serum &
£ PBST (0.5% Tween &) T1HRfI7vwy ¥ 7 L%, 7uy¥r g, —X
PiEZ T 4°C TMRIESE 7, 2D, X¥ifkz 1 RIS S E,
Hoechst33342 (1:1000, Thermo Fisher Scientific) % 10 Z3IG & ¥ 72, —RXPilk
l%. anti-zprl mouse monoclonal antibody (1:250, Abcam. Cambridge, UK), —X¥i
&1, Alexa Fluor® 546-conjugated goat anti-mouse IgG (1:1000, Thermo Fisher
Scientific) Z{HH L 7z, #fat%. Fluoromount (ZKiAM:E AKEM) THAL 72, B
o L 72U R i3 M L — R A RS (FLUOVIEW FV10i; Olympus, Tokyo,
Japan) Z W TR L7z, TR TOMETHIC X 2BEEFEI R D KELiEFHHlO

RO 2 k5 L. 212 mm? DHIRNICHLE T 2 RIS FERIE  (Outer nuclear
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layer: ONL) DMZE N ONL DJE X ZWRNIZE T % 3 5 (HiRN O A,
ke Al 6 Z0E N1 H90) OFEfEsr o BHIL 72,

2-2-13 fat ArafaEhT

FEERATIZTME (Mean) + FEHEFAZ (Standard error of the mean: SEM) T/l L
72o BERFAI 7 LhlgIX . SPSS Statistics IBM. Armonk, NY. USA) software %
WTC FRREZLIT o 7%, Student’s t-test F 72 1% Welch’s r-test. —JGHLTE T 8T HT

AT 784, Tukey’stest ICK DT> 7z, FEMEN S% KNz EEERD & L,
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55 3 fii FEBRRE
3-1 RS9 IZ & % NalOs iEFMR{L A b L Z[EE D 5 D ARPE-19 i EH

U ®IC, ARPE-19 Mz ®t LT NalOs Z VTR A b L 2% 0 ), Bl
A b U AREFITNT 5 RS9 OLRFEMEH 2 a L7z, BBl K D RS9 12X % Nrf2
TEHAGICIE 6 RFEIREE 2359 2 Z EBHS I o T %7280 (36, 54), Aalla
IZF T RS9 13 NalOs ALiED 6 IRFHIHT2> S ALE L . NalOs ALiEf b fkfirY 12 4L
1B L 72, RS9 Z 0.1-10 nM D P TCIREAMRAA Y 5 REEMEH 28 U 7o e A 7A T
TE; Fig. 6A. #MilEsL; Fig. 6B-C), £/, BWI7 A b —> ADfETH L I Fav
R U 7N Z JC-1 Yefalc X 0 il L 22550, IREMAHEER LS bar Py
7 %7~ § JC-1 monomer DEED3, NalOs UEIC X H AL, 2D EFEA RS9 D
FIIRFALE 2 & D Jf] S 417z (Fig. 6D-E), 246 OF5HE L D RS9 1% NalOs %%
B A b L 21k LT ARPE-19 flllafrRi#EEH 2 53 % 2 LRI ke,
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Fig. 6 Protective effects of RS9 on ARPE-19 cells against NalOs-induced oxidative
stress.

(A) Cell viability was evaluated using the Cell Counting Kit (CCK)-8 assay. (B-C) Cell
death rates were evaluated by propidium iodide (PI) (red) /Hoechst 33342 (blue) double
staining. (B) Representative images. (C) Quantitative data of the percentage of PI positive
cells. (D-E) The ratio of mitochondria that had an impaired membrane potential (JC-1
monomer: green) to healthy mitochondria (JC-1 aggregate: red) was evaluated using the
JC-1 assay. (D) Representative images. (E) Quantitative data for the ratio of monomers
to aggregates. Scale bar = 100 um. In all experiments, NalO3 was used at 10 mM final
concentration. Scale bar = 100 um. Mean + SEM (n = 6), **p < 0.01 vs. control, and *p
< 0.01 vs. vehicle (Tukey’s test).
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3-2 RS9I & % ARPE-19 @R EM N %5 HO-1 FHE/EH DF 5

RS9 %% NalO; #%%¢ APRE-19 MEbEEIc 3 2 R EAZ R L e, HiiT
TEHBERF IC O W TS 27> 7, 12U oI, Nrf2 @ Fifii o) < FEAigs
ZEHNTD—2TH % HO-1 22T, WREMEHICNT 2752 MEd %720,
HO-1 BHEAITH % zinc protoporphyrin (ZnPP) % [AlIRF IZALIE L 72354 O Ml A 77
IEEN OB Z G L 72, F7o. HBOHSR & LT Nef2 1SRN 2 K5 72 22 WL
LAl Cd % N-acetyl-L-cysteine (NAC) DIEH Z i) L 72, NalOs; ALiEIC X D K
T U 72 MR ARSI 13 ZnPP D RIRFALIEIC X D 26 L 720> > 72,RS9 IC Xk % RPE
RV X ZnPP D FIRFLIE I X D A EICHIF S A7z DIk L UNAC I X % RPE
RAE(EH L ZnPP D FRIRFALIEIC X b Il S e > 7 (Fig. 7)o 2D 2 &£ 4> 5 RS9
IZ & % APRE-19 fE{REEE I 13 Nrf2 iU OV 2 O R HO-1 558/ 2
TFHELTWwA I EPNRRINT,
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Fig. 7 Effects of HO-1 inhibitor, ZnPP, on protective effects of RS9 and NAC.

Cell viability was evaluated using the CCK-8 assay. NalOs, RS9, N-acetyl-L-cysteine
(NAC), zinc protoporphyrin (ZnPP) were used at 10 mM, 10 nM, 1 mM, and 3 uM final
concentration, respectively. Mean +£ SEM (n = 6), **p < 0.01 vs. control, ¥<0.05, ¥p <
0.01 vs. NalOs (+), and ¥p < 0.01 vs. NalO; (+), RS9 (+) (Tukey’s test). N.S.: not

significant.
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3-3RS9 I & % APRE-19 fllafRi&MEHICN T 24—+ 7 7 ¥ —DFH L
DOVT, AEICE T 2 EELZHNTH 5 Nrf2 TG X 2 MR 15
A= 77— EEIC OB THRE 21707, A7 7Y Il B
fRBRORKEE TH 24—+ 7 7YV =20 L)Y Y —LDEZHET 2 7
0¥y (CQ)(55) ZHAWT, RS9 & NAC Z il L., Mifladmm~niEz
Bt L 72, NalOs ZUiE I X DR T U 72 Ml AEfAGTElIE,. CQ DFIIALEIC X b 48
bl o7, £/, CQ & ZnPP & [HERIC RSO DI 2 BHE L, NAC D
A ZHEL 222 o7 (Fig.8), 2D EN5, RS9I X B N2 iGH:ALZ /M L
7 APRE-19 flllaf& I A — b 7 7 P —DBG B RE S iz,
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Fig. 8 Effects of autophagy inhibitor, CQ, on protective effects of RS9 and NAC.

Cell viability was evaluated by the CCK-8 assay. NalOs, RS9, NAC, chloroquine (CQ)
were used at 10 mM, 10 nM, 1 mM, and 30 uM final concentration, respectively. Mean
+ SEM (n = 6-12), **p < 0.01 vs. control, *p < 0.01 vs. NalOs (+), and 3%p < 0.01 vs.
NalOs (+), RS9 (+) (Tukey’s test). N.S.: not significant.
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3-4 NalOs ZLEH D APRE-19 Ml 317 5 RSO IS Kk 24—+ 7 7 ¥ — i
RS9 IZ & % APRE-19 Ml@PRFEEH I —EA —F 7 7 — 2§ 5 2 LR
SN, HATA— 77—l S v 7 H ORERIY 2 FEBZALIC O
TYILAY v 70y MEkEHOTERN 21T 7o, RREHCIE, (R %G1l L
72 NalOs A& 24 LA, 6 IRfHIEE, ALEERT (RS9 ALERLG2 S 6 IR
#) D3IDDIALFA Y FTENZTNDY v o8 7 G5B % FAM L 72 (Fig. 9).

Nrf2 JEMEAGIC X D IREFEE I 5 FE PSSR TTH D | Figure 6 T RS9
DIRFEFRIC O F LG L T b 2 EDVRR I 117 HO-1 122\ TiE, NalO; Bl
BT ALE 24 RIS 13 2 B AR S 54, RSO WERETIE X H Fu
6 R D Y A4 2 v 7 6 24 % £ T S ITHWIHTL LAY 0 6 17z (Fig.
8A-B), £/, A—F 773V —LEHOFHEEL L THwsNn % LC3-IIT i
NalOs BMLETIHIZ E A EZLL 2o 7223, RSO LEIC X h AERIC LA L,
IHICCQRIRMLEIZE D LC3-I DI 6% 5 LR ZEO 7 (Fig.9A,0), T kb
L, N6 DFERD S NalOs LEIZ K> TBRINIA—F 7 73V —LD0H
{LE 3, APRE-19 ffICERE L T3 Z LR X /-, CQ FIFFLIEIC X 5
LC3-I1 DELIEA— b7 7P =7 v 7 AT v LN, HHEICX S
LC3-II W EAMEHDA = 7 7 P —DHFICL 2 b D2, b L IFIEHEIC
Y2500 %HEPICTEEDICHOENS (56,5T) A—F7 7Y —7 597
A7 v A DOFGHR, RSO AEHFICHEART CQ MIRFALERE THAFE 72 LC3-11 OFB
ERADPED SN ED S (Fig. 9A, C). RS9 34—+ 7 7 ¥ —ZEMEALE ¥,

ZOWETRICA =7 73V —L3EML T3 I ERRBIN, X
7oo LC3-1 3 A—F 7 73V — 22K L Tk WllltEREMND LC3 74 Y
7 4 —LTH B3, NalOs LI & 2 Ml I ) AEY O ERNE 2 - 74
R, A= 77 —REEF D LC3-I1 OHIEKA L L TD LC3-1 DFBIL LA

L7zbDEEZSND (Fig.9A,D), T/, A= 7 7P —ENY V7 ETH
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% p62 DFETAZANNT DT b FFAll 2 T > 7 A5 H RS9 ERFIZ B 1> T D A NalOs
QLA 6 IRFRIH% 1 B 22 H B B R DSER. 8 & 172 (Fig. 9A, E). & 512, NalOs ALjE
24 R§H2 T3 RSO ALEREIC BT 5 p62 DFEB EFIZZD 5413 (Fig. 9A,E).
DN p62 FFEMD A —F 7 7 V=LV R T L7 b D EEZ SN 5,
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Fig. 9 Time-window of autophagy-related protein expressions after RS9 treatment.

(A) Representative results of the time course analysis by western blotting. Hours
indicate the time after NalO; treatment. (B-E) The results of quantitative analysis of the
intensity of each immunoreactive protein band. (B) HO-1 expression levels normalized
to those of GAPDH. (C) LC3-II levels compared with those of LC3-1. (D) LC3-I levels
normalized to those of GAPDH. (E) p62 levels normalized to those of GAPDH. NalOs,
RS9, CQ were used at 10 mM, 10 nM, and 30 uM final concentration, respectively. Mean
+ SEM (n=4), **p <0.01, (Student’s #-test). N.S.: not significant.
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3-5 NalO; ALiEH D RS9 I2 & 54—+ 7 7 2V — A et
DIRAYv7uy FOBENRE, I S5ICEMaA— b7 7 3V — 205
2179 T2, 3-4 LARD & v 7 B ORI 2 FfE G Il B\ TH G L 72,
NalOs ZLIE 24 RffEE2.  NalOs HAREEIC B W CHEIBl O HRAITR L2 &9 &w
D 2T CHUOEHEE 2355 W% 2538 8 S 47 (Fig. 10A), LC3 Btk By ¢
RINDA =773V =280, NalO; i 6 FF[EEE, NalOs HAREE & iz L
T RSO ALEMETHREICHEMLTE D, CQ MEIZL D I 5L Z2EB/VPED SN
7oo FE7o. NalOs ALE 24 IRFEH% Tld NalO; B & RSO ALERF ORI A — + 7
73— LAEDEIFIRD S NT, CQ MWERFIT B W TId NalOs A& 6 R 2> & %
B3R 57z (Fig. 10A,B)y A—F 7 7P —DRRE LS p62 BED By b

b LC3 E[ARRICEH) L TV 7 (Fig. 10A, C),
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Fig. 10 Immunostaining of autophagy-related proteins after RS9 treatment.

(A) Representative images of LC3 and p62 immunostaining (LC3: green, p62: red,
Hoechst 33342: blue). Hours indicate the time after NalOs treatment. White arrows
indicate the vacuolated and swollen formed nuclei. (B) Quantitative analysis of the
number of LC3 positive autophagosomes. (C) Quantitative analysis of the number of p62-
positive speckles. Scale bar = 10 pm. Mean = SEM (n =4), **p < 0.01, (Student’s z-test).

N.S.: not significant.
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3-6 RS9 12 & % p62 B8 & HO-1 #HE/H DBk

CNETOMETH S N7 RS9 12 X 2Rl & HO-1 358/, A4 —
k7 7 ¥ —FHEAEH OBIEIZ O WTHRET T 5 72 &, siRNA Z H\V>T HO-1 & / v
785 v LTBED RS9 D p62 iFENEHDOALEN 27 T A% v 7uy MEICKDFE
fili L7z, ZDFEHE, HO-1% /v 747> L TH RS9 IZ X % p62 FFENEHADE
XA SN o7 (Fig. 11), DI EH 5, RS9 1T X % HO-1 KU p62 Dk
N2 JEHLD TIRTRZ 24 XV FTH B0, ZNZNDOFFEFEEE I L

TW3 ZERRRINT,

A
RS9 + + +
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siRNA - Control  1HO-1
siRNA
siRNA
B » * C N.S.
T 12 ¢ I |
12 | T
‘E’m 1 b =L £ T
2a gz
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siRNA ~ SIRNA SiRNA

Fig. 11 Effects of HO-1 knockdown on p62 expression after RS9 treatment.

(A) Representative results of RNA interference to HO-1 by western blotting. (B-C) The
results of quantitative analysis of the intensity of each immunoreactive protein band. (B)
HO-1 expression levels normalized to those of GAPDH. (C) p62 levels normalized to
those of GAPDH. RS9 was used at 10 nM final concentration. Mean + SEM (n = 3), *p
< 0.05, (Student’s #-test). N.S.: not significant.
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3-71 777 4 vy aflEEREE T VICE T 5 NAC OLREEH

M X MR E IFBLA P L AR A L AN AT IC L > TAHEL (22).
Z DBV 22 A 032 EL AMD DFENE - EREN & %2 (9), MFABICE VT
E~ v 2z et EET T AR ES 2o Heo it Tw a2, 2o
DETNMEITNVE ) DATLDEENRI SRV EW)HEREH >, T
B3 A7 = VICHET % RPE DEBMPIEEA EA ST, RPE ORMEZ KL
TETCVARLHEENEHI N TV, 22T, ARFHICB W TIZE T, BpEA
CEVTHLBEHEDE WY T T 7 4 v aZHOT, I & FRE O G
EIENFHI € 7V OMESL Z T o 7z, WAL 777 4 v 2ltB8WTiE, 14 H
MBI 2479 2 &1C Xk b, Jeicxt3 2 o 22 LSz 5] E i
CTETADPHREINTD (52,53), AREHTTIE YT TV 23325 12
fEHAEEC & 2 Wit L 7o, WP OGREE £ 7OV Ic B W TIREEME I A3 &
T2 HERLAI NAC Z AN G X W #5 L, REEHZ G L 72, b
25 24 R DX 77 7 4 vy afliliizy v 7V v 7L, MW RICED
MR AHERE (ONL) DI M O£ 2 B A L 72455, W3 d NAC #5-
K D IRERANICEGET 5 2 LOMER I L7z (Fig. 12),
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Fig. 12 Protective effects of intravitreal administration of NAC against light-induced
retinal degeneration in a concentration-dependent manner.

(A) Typical images immunostained for zebrafish photoreceptor marker, zprl (red) and
Hoechst 33342 (blue). (B—C) Quantification of ONL thickness and ONL cell number
using the immunostaining results. Data are shown as means = SEM (n=4-6). **p < 0.01
and *p < 0.05 vs. control (Student's #-test). Tp < 0.01, ¥p < 0.05 vs. vehicle (Dunnett’s
test). Scale bar=30 mm. GCL, ganglion cell layer; INL, inner nuclear layer; NAC, N-

acetylcysteine; ONL, outer nuclear layer
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3-8 X797 4 v a flEEEEE T AICEIT S RS9 I & B HEIEAEEHA~D
F—=t+7 7Y —D%HE

DOWT, MELL 7227 7 7 4 v ¥ a BBOGEEEHERRET € 7 L 2 Hlv T
RS9 D MG EH & O %2 DRI (2o TiE 27 - 72, K#IZ APRE-19 #l
B> NalOs fEsE & RIS, MBEREMERRA — b7 7P —2 N L P TH 2
DRI D CTHE % 1T 5 7, HASYIH O Gea % Fl o 7o R IBHHARETA o 45 24
Mz kD BEE SN UMK AET 5 ONL OJEH{KIE RS9 #45 T S
., CQ MR 512 X ) RS9 D#IfIfEH2NE R L 7 (Fig. 13A,B), £ 7z, ONL I
HIET 280k B8 L 7-A55. ONL JE L FRRIC RSO G & D | HkEFIC X %
M DA DHI Z 4, CQ 12Xk RS9 DHIFIVEH NG T 2 i H D
57z (Fig. 13A,0), 26 DFERP S, €77 7 4 v ¥ a it EE 7
B\ TH, APRE-19 flifidZ Fv> 7 keEt & kIS, RS9 DR §OREEMEM IE—H A
— b7 7R NT H T EDBRRI N,
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Fig. 13 Autophagy-related protective effects of RS9 on adult zebrafish retina from
intense light exposure.

(A-C) Hoechst33342 staining of a cryosection of zebrafish retinas injected intravietrally
with RS9 and CQ. (A) Representative image (Hoechst33342: cyan). Scale bar = 10 um.
(B) ONL thickness. (C) ONL cell number. Mean + SEM (n = 5-6). vs. control; **p < 0.01,
vs. vehicle; fp <0.05, ¥p <0.01, vs. RS9; 3p < 0.01. ONL: outer nuclear layer, INL: inner

nuclear layer, GCL: ganglion cell layer.
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94t B

AREECTIEHRI 7% Nef2 TEMELEETH % RS9 % F\ > T, Nrf2-Keapl #6122l
HCREEMEH O PIRICA — b 7 7 O —RBEEDEAET 5 2 L 2SI L% (Fig
14), BRALAITH % NalOs L OGIRAHZ X 2L A b L RAIZHT % RS9 Difffifefr
EEHICA — 7 7 O — BB DIGMEDSMETH 5 Z R I l, TORRIZ,
Nrf2 OEEFEMEIC L D p62 25FE I N5 2 & HIRIZER{L A b L A D551
EYPENERDPH B L 2R THDTH B,

o LC3-II
[ Cytotoxic @
condition ‘
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Fig. 14 Schematic diagram of autophagy-related protective effects by RS9.
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Wi A b L 2 ICxb 9 2N rE . ISTEREER (ROS) DL IR A FL A
BEHEETDAAIRY Sy —F VNV BEDFEEIC L >THRINDEEVIERT
DR TH 5, HlE LT, NAC IZEFNBAAIRY P v —=F V7 TH BT
WV FF v OFIRGE E L T2 OfaREMRH 25T 2 (58), ZqicxilL, K
WMHEDORI RS, Nrf2 2/ L 7= HIIafREE R I 3B THERN I A U 72 A 5 2
=+ 7 7Y —HEREOTEMAIC X > TBRE L, Mk 236§ 2 R o 71
DRI N,

TOANAARNY Y= Fux L7 ANEED TP HhNLIED ROS %
BRE9 2 2 LNTE, MBIEROMRERE LTy I8 (T2 Ay b®) B2
I T2 (59) LI, BMWEBROBEICH L TUIERTH S (60, 61),
72720, LA b L ABEEDORETH % ROS 132 DE S X D AT
B 2 A 2 28, PRI I I R  BEE ORI T T 5, 2D
1B 2B LA b L AT 2 A% L L Cld ROS ICXT T 2 IEEN 22 FTig (LR
R Tldn ., BEZ2ZIAMNGE 28 P2 I BRET24A -7 70—
MEDIEMAL D BIE T 2 0D %,

AR &L D TGS E R OFE T T O BEA P L AICE DAL
2MBEANTF: T ZBRETHEME LT, A= 7 7y —&kziEHElLTE %
Nrf2 JEMALSE IR R IR (L 2 b L 22 & B BRI oMIEEE N L TH AR
CHLAREENTRINT, 727 L. 2D LD BEEEA LA RS DEICE 2
IR EERICBI LTI E T v AR5 5% 3 6 % 20 THEOMH%Z
Ao Ty ADRAIENME NI A — b 7 7 ¥ —TEEUIEH O R 2 £ o it
DINIETH 5,

RSO M L 2 f5&EZ2 652 Y F LR 4 PR Nef2 TG & L C BN
KB ThbN T3V Xy ay X Fuid, @EICiTb KRR
(BEACON study) 23IMEBA Xv FofEiic k h ik (62), TOBMEE L
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T, BRI T LA EBF B 2 2z iidh > Y v ARED BRI

X I EADBILG L Twd 2 &3, ZDBRDMBHTFERTHS I o7 (63),
BEfTOINL T 5 AYAME study (&, #58% BEMWIC EIF w2 Eick b
FE BRI X 2 DI A Ry FOFIEISHIE L T 5, 5%, BN R#E5 %2179
7o DITIFRRZ BEIRIIEF AN O RDILETH 5 L H 2 515, ZHi AMD O
BEOCHIZES LU TIX VEGF FHESE D X 9 ICIRNEATN 2 8 5030 HETH % (64)
72, IRNBFN RIS X 2EEH Y 2 7 04k WBFIE IR b s &
ZWIREL 72\,

SRIOBETIE, RS9 12K D po2 FEZM LA —F7 7Y —FHICEHL
TR AT 72, RRIRFINEEIT OSSR Cld—3 T p62 & LC3-11 DFIA B2
BIL Cwiedro 72 (Fig. 9, NalOs AL 24 Bff#8), 2D &5, RSO ICK D
BINIA =773V =013 p62 2EERVLDBHFELTED, ZNsi
MO IC L > THEIN TV 3 RELRD 5, 8 2 BOMIEDL» S5, RS9 23
AMPKay DIEHALZ N LA =+ 7 7 P —FEEHLAEL T35 2 E3HS 2
Lo T, MIEEEMICBEIL TH AMPKu OiEHE{LZ N LA =7 7
ViR EHDES L Tw A ENRRI NG,

Nrf2 1EMEALERIE, RPE M U CEBENRFIGER A — 7 79—
FHEIC X AllaREE 2N L 7, ZEL AMD DY 27 7 7 77— & LTHIS
NZHRBICL VLIS SN MRFEEFICOWTS . FRRIC Nef2 15 LED
F—=r 77 =20 L TREMFHZR T EDNRBRI N, 2L, Zinil
AMD 2BV T ED X I RMfuBEEEA VS 2 7 DERD Z OFRERRICES
LT DIEREBHINTE ST, I o4 2MEPNETH S,

ARFETIZ, RPE ICBITZMLA L RAEA =7 72 —DBRIEICOWTHE
HL. VBUCEEECED 25 T0—-2THB N2 1Z, A— 773 —%4
L7 e 2 592 2 L 2SI L7z, 5 2 LTI, RPE T8
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MWL TN AN D E LT, 77394 F—Y AL DELDIA
FNSEMEAEICER L ORE 2 1T- 7%,
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52 2 WEPEALERIC X 2 BIfEAN G 7 7 29 4 b — o ATEEALIEH
A WS

JFam b7 X 912, ZHiE AMD 5O RPE fildicB WA -7 7Y
—DARPMEINT VS (41,43), MBS B W TOLDOZAEE E LT < i
TlE, HDOZEIEOH L IEF IR E RARFERPE LT TS 3), ZDHEREL
RO DIT, eEZET MO /M Z T < % 5 LR D S, 4
iz fziE 3 % RPE Mifdic X > CEE (7 7 394 b= R) &3 (3). RPE M
feiz & 2 MIENET D 7 7 T A4 b — A%k - BUD A A& - o =B
2% (3), BHEPHDAARICIZ, 7T ABAANRNYY ¥ —FEKTH 3 CD36 23
BIGLTWwa Z EREPHSN TS 3), £/, MlENICIDAEFNZ7 73
vV — LD E, LC3 2B59 % LC3 B 7 7 29 A F—> RICK D fThbih
5 2 EDNEFH S IS N (65), SIS O IER IcfThbisnw 2 &
WCEDEY 27V A 7 UDE L, BEREXIE T 3§22 b R3INTED
(65). 7 7 IYA F— R, SIRBHERF IC & o> O ICEE 2R E 2 F
LT3 (Fig. 15), L7235 T, LC3 BHdAL 7 7» 2% 4 b — AWM %2 BE &
L 728172 iR ekIg 12, e AMD IS L THAITh 3 ¢ EZ 6N 5,

1RO E» S N2 GRS A — b 7 7 O =B 2T T2 2 28
MBI NT, LoLa2ds, LC3 B 7 » 39 A4 b—2 RI2EIT S p62 D
BIEHSIZINTE LT, Nrf2-p62 #FFKIC L 54—+ 7 7 ¥ — K OTEEAL
DA O WL E S T 20 EAHTH 572, 2 2T, ARICBLTE, &
— b7 7 O —IEHALER 2 AT % Nef2 GRS X 2 SIast T 7 7 2 A b
— P ANOIER 2RI L. Nef2 OiETELIZZEME AMD IS8 287 7 R initik
LRI ONT ISR 52T 72,
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Fig. 15 Schematic diagram of LC3 associated phagocytosis in RPE and visual

cycle.

(Kim, J. Y. et al. Cell 154, 365-376, 2013 X 1 5] H)
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o5 2 fiil BB RO
2-1 EEA R

AR I W78 OGRS IE, DUT @D THh 5,
7 VBT X F )L (Dimethyl fumarate) (X HEALIK (Tokyo. Japan) . ANV7 #+ 7
7 7 ¥ (sulforaphane) |% Cayman Chemical (Ann Arbor, MI, USA), A7 10— A,
PFA %, Wako (Osaka, Japan), V YFE/KE=F VU7 L -0k, J VBZIKFE
F VU7 L KA. Hoechst 33342, pHrodo® succinimidyl ester, FITC IsomerI I&
Invitrogen (Carlsbad, CA, USA), 7/ )4 v <7 ~ b IE Diagnostic Bio Systems
(Pleasanton, CA, USA) Xk ) ZNZNHEA L 7z, RS9 I35 — =k ath L 0 2
il TR ni,

2-2 SRk
2-2-1 s

t b HRMEEi e LRIl (ARPE-19) (X American Type Culture Collection
(ATCC) X DAL 7, ARPE-19 fifidix 10% FBS. 100 U/mL penicillin X TX 100
ng/mL streptomycin % %5l L 7z Dulbecco’s modified Eagle’s medium (DMEM)/F-12
(Wako, Osaka, Japan) % H\>37°C, 5% CO, FICTHEE L 72, 72, 2-3 HEFIC
B2 A1\, 4-5 HIEIT trypsin AWEIC X 2 RURIEZ 175 72,

wIREEE e bR GE E I (hRPE) 1& Lonza (Walkersville, MD, USA) K
DS L 72, hRPE flifdi% 2% FBS. L-glutamine, GA-1000, Growth factor (FGF-
B) Z ¥ L 7z Retinal Pigment Epithelial Basal Medium % H\>"T, 37°C, 5% CO:
I CREE L 72, £ 72, 4-5 H:IZ Trypsin/EDTA. Trypsin Neutralizing Solution,

HEPES Buffered Saline Solution ZLFHIZ X A #2175 7=,

222 77 IRD> & O/ £ B
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7% IR & O/ (photoreceptor outer segment: POS) HAEfEIZ DT,
BEICHREIN TV MO 7T Fa—)L (66, 67) Z5El, —EREL 7
JETITo 7, WNICZ Ot 25l HEtL 72z Bl I ¢ 28l E L C
NaCl (115 mM), KCI (2.5 mM), MgCl, (1 mM), HEPES/KOH (10 mM), dithiothreitol
(1 mM) % &% POS buffer (pH7.5) Z 3% L 72 (66), BN LS LM &M,
—H. HA) oA L 7 2R o2 L, 0.6M A 70 —ZXAD D
POS buffer 12 1 IRICOF 2.0 mL DEIATHE L 72, “HICHQERNT—+
ZHWT, HESRERZ 3 ERE L 72 (67), MWL 72K %, BTHICTHRL 2
0.9M, 1.2M, 1.5M A7 0 — R REAIARICER DM A 72, T4% 103,500 x
g, 4°CT 50 JrfHlidln L7z, Hv, WEICAC 2 Hv POS DfEZFIXL ., 4-5
R DIKE 20 mM Tris FERE buffer (pH7.2). 5mM ¥ 7 V) VIRETARICIAR L 7=
. 3,000 x g, 4°CT 10 770 Uc, BREL 722 10mL D 10% A 7 12 —
A, 20 mM Tris BERE buffer (pH 7.2). 5mM ¥ 7 V) VIERATERISIRME L 7-#. 3,000
xg, 4°CT10 DML L7, S HIBYZEREL, 15mL D 10% A7 10—
20mM Y Y EF + U 7 L buffer (pH 7.2). 5mM ¥ 7 U VIRETRIRIIARR L 714,
3,000 x g, 4°CT 10 77D L7z (67), B E L TR 5417z POS % 10 mL @
DMEM (PR L. MERGHEEE 2 W CRE 2R L 728, 1x107 fli/mL O
JEIZZ2 5 X ) ICS HICHML, -80°C TR L 72,

2-2-3  pHrodo® succinimidyl ester ¥ 7z (% FITC Isomer I Dl
POS (10 mg) % 5 mL ® DMEM IZ¥AfiE L, 2 mg/mL ([ZF% L 72, DMSO (150
ul) ([ZH&E L 72 1 mg @D pHrodo® succinimidyl ester % 7z (% DMSO (1 mL) (Z %&7#
L7z 10 mg @ FITC Isomer I & I, Amicon Ultra-15 molecular cutoff: 3,000
(Millipore. Billerica, MA, USA) 12 A#L7z, )G L CEIRT 1 BRSOG S ¥ 7254,
3,000 x g, 4°C T 2-6 IRtz Dy L 72,
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2-2-4 MR B (RPE) MfIC k2 7 7 294 b — > ATEVERHL

ARPE-19 i@ % 7z 1Z hRPE fMlllEi% 96 well plate 12 1.5 x 10* cells/well THRERE L |
37°C T4 HIERGE L 72, fMilg2sa v 7 2y MITE L 2%, ARPE-19 #lligiZ 1%
FBS % & ¢ DMEM/F-12 IZ, hRPE ¥ 1% FBS % &1 Retinal Pigment Epithelial
Basal Medium |2 Z L2352 28#1 L 72, RS9 (0.01. 0.1, 1 uM) ZFEMLTe6
RFRIREEE L 7288, 1 x 107fH D POS/well £ 7% &9 10 pL $O%MLTE 5126
IR 2 U 72, K584, 1% FBS A ) DMEM/F-12 “C 5 [A[}5HIZRHA L | 8% 7 POS
ZHU D R\ 72, hRPE (& 1xPBS "C 5 [MI¥EH L | et DB HIZE D 7 Retinal Pigment
Epithelial Basal Medium %z fi\>7z, HEaBR D13 BZ-X700 all-in-one fluorescence
microscope (Keyence) % f\>THr- 7z,

ERAEHIC B 7> T, IR L 2Rz A A —2 v 7Y 7 F7 =7 Image] T
fi##T L 72, pHrodo®™i& pH BZMEATE 7 v — 7 Cdh b, PR N Clkae% %
L0y 68), 773V A4 b= RICED 773U YV —2HIZHDIAENT
PRVEBRET DI T T 2 LR VEDEZ T % (69, 70), D% V| pHrodo D 7R it
HREDIEE, 77TV A P =S ADTERICEE TR EEZRL TV,
REHOCICET 28O ER 77 L% @BIT L., 2OV ERL % (71).

2:2-5 Y x A7y M K %EH

ARPE-19 flii@iZ. 24 well plate 1 7.5x10% cells/well & 72 % X 9 (ZFEHH L | 37°C,
5% CO» DAAF T T 4 HRE L 72, B & B8R Z2 17\, FREE# D POS
W 1-36 R ICZNZENY > 7Y v I eiTot, DBRIZE T 2-2-6 LR
DITHRIT TR 2 4T 2 7o o AR THREHT AV 7e—KPUF I3 Table 1 IZFLHL L 72,
T RHUARIZ I, Horseradish peroxidase (HRP)-conjugated goat anti-rabbit IgG (1:2000.
Thermo Fisher Scientific), HRP-conjugated goat anti mouse antibody (1:2000, Thermo

Fisher Scientific)y Z H W7z, % ¥ 37 'H O FEEME X, Multi Gauge Ver3.0
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(Fujifilm) % F\WTREITL 72, N> FOBREZBAEL L., E4 Oz & L 7,

B-Actin lZ@—F 4 v aviru—LE LTHAL K,

Table 1. Antibodies used in this study.

Antigen Antibody description | Manufacturer concentrations
HO-1 rabbit polyclonal Merck KGaA 1:1000
NQOI rabbit polyclonal Merck KGaA 1:200
LC3 rabbit monoclonal CST 1:1000
po2 mouse monoclonal GeneTex 1:500
B-Actin mouse monoclonal Sigma Aldrich 1:2000
AMPKa rabbit monoclonal CST 1:1000
phospho-AMPKa (Thr172) | rabbit polyclonal CST 1:1000
mTOR rabbit polyclonal CST 1:1000
phospho-mTOR (Ser2448) | rabbit polyclonal CST 1:1000
Akt rabbit polyclonal CST 1:1000
phospho-Akt (ser473) rabbit polyclonal CST 1:1000

CST: Cell Signaling Technology

2-2-6 FITC-POS 7 &l

RPE-19 #ffidiZ 8 well chamber slides (SCS-N08. Matsunami Glass Ind., Ltd.) (2
4.1x10% cells/well DML TRER L, 37°C, 5% CO» DFMF T4 HiAkEZEL
72. RS9 JKUN7 4 @< A > Al (Bafilomycin Al: Baf Al) (Cayman Chemical)
I ITAPEZ TSN L\ POS NN 36 IRFfAIH2 12 4% PFA I X ZFIEZ 15 3 [RlfT V>,
Hoechst33342 (1:1000. Thermo Fisher Scientific) % 10 Z7[EIG & €72, PBS Tk
H%2. chamber ZIXDFRE, A5 A4 FAF A2 7)vAa~T v b OKEEE AR
M)y ZHOWTAN=2"5 2 THEH AL =, EBEOEREIZ BZ-X700 all-in-one
fluorescence microscope (Keyence) % FH\>TiT-> 7z, WIEfENTICE 1T % FITC-POS

BOEHEUT Image-] (NIH) % H\WTiro 72,
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2-2-7RNA T

ARPE-19 iz E A E 10%FBS DMEM/F-12 5% FIv>T 96 well 7°
L — b IZ 15,000 cells/well T, 24 well 7°L — b IZ 7.5x10* cells/well THEFH L |
37°C. 5% CO, DFAF T3 HIEE % L 72, Lipofectamine™ RNAIMAX Reagent
(Thermo Fisher Scientific) XX Opti-MEM (Thermo Fisher Scientific) ~\® 10 nM
siRNA DIRAERZEB L 724, ARPE-19 MIfA~0D siRNA BAZIT- 7, fiff

ML 7z siRNA DOESNZLLT D) THh 5,
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Table 2. siRNAs used in this study (gray panels indicate siRNA which used in each

Figures).

p62 siRNA

#1 (Sense) 5’-AGAAGUGGACCCGUCUACAGGUGAA-3’
#1 (Antisense) 5’-UUCACCUGUAGACGGGUCCACUUCU-3’
#2 (Sense) 5’-CAGGCUCCUGCAGACCAAGAACUAU-3
#2 (Antisense) 5’-AUAGUUCUUGGUCUGCAGGAGCCUG-3’
#3 (Sense) 5’-UACGUGAAGGAUGACAUCUUCCGAA-3’
#3 (Antisense) 5’-UUCGGAAGAUGUCAUCCUUCACGUA-3’

AMPKa, siRNA

#1 (Sense) 5’-ACCGAGCUAUGAAGCAGCUGGAUUU-3’
#1 (Antisense) 5’-AAAUCCAGCUGCUUCAUAGCUCGGU-3’
#2 (Sense) 5’-GCAGGUCCUGAAGUUGAUAUCUGGA-3’
#2 (Antisense) 5’-UCCAGAUAUCAACUUCAGGACCUGC-3’
#3 (Sense) 5’-CCCACUGAAACGAGCAACUAUCAAA-3
#3 (Antisense) 5’-UUUGAUAGUUGCUCGUUUCAGUGGG-3’
AMPKa; siRNA

#1 (Sense) 5’-CCCAUCCUGAAAGAGUACCAUUCUU-3’
#1 (Antisense) 5’-AAGAAUGGUACUCUUUCAGGAUGGG-3’
#2 (Sense) 5’-CCCUCAAUAUUUAAAUCCUUCUGUG-3’
#2 (Antisense) 5’-CACAGAAGGAUUUAAAUAUUGAGGG-3’
#3 (Sense) 5’-ACCAUGAUUGAUGAUGAAGCCUUAA-3’

#3 (Antisense)

5’-UUAAGGCUUCAUCAUCAAUCAUGGU-3’

Bz it & LT, siRNA (negative control small interfering RNAs) (Thermo Fisher
Scientific) % fH\ 7z, BB TEA 24 R ICHIAEYE & A 10%FBS DMEM/F-12
B 2L . RSO 2RI & 512 24 RS ER OV VY V2T LAY

v7uy MENE{To 7,
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2-2-8 NAD/NADH 7 v & A

ZaF U7 IRT7T=2VvY X7 LA F F (Nicotinamide Adenine Dinucleotide:
NAD) DIE{LAITH 5 NAD' & i=uITH 5 NADH LD HIE 21X NADY/NADH
Assay Kit-WST (Wako) Z M\ 7z, ARFAEIZKAEMEHOIETH %2 Water soluble
Tetrazolium salts (WST) @ NADH IZ X 232JLIC & DAL 5 WST Fv =4 v Dk
HEZHET 25D TH S, NAD'Z 60°C, 1 K] DB CRE L 729~ 7
N THIET 2 2 Eick b Mg D NAD/NADH iz B L 7, HIEST
BFIRGETLO 70 b a— ity BOREREEZ~ A 7 7L —FY =5 —
(Varioskan Flash 2.4; Thermo Fisher Scientific) % H\>"C 450 nm DWOCE % Z 1%

TUHIE L 72,

2-2-9 #fHARIIEAT

FEERAAE 1 F M + BHERE G L 7o, MM ARIZ it 1x, SPSS Statistics
software Z I\ > C F M€ Z 17> 722, Student’s t-test ¥ 7213 Welch’s t-test, —JnML
BT T2 4T - 7244, Dunnett’s test, Tukey’s test IZ & DT> 72, fERED 5%

AmizHEEZAGD & L7,
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55 3 fii FEBRRE
3-1 RPE #fEiC 81 2 G/ 7 7 294 b —3 2D RS9 I & 2 i EEH

I C®IT, RS9 IC & % RPE MO HMAAIET 7 7 T A b — 2 ATEE~DRE
HAMET L7z, RS9 % 6 IFMIRIALE L 7245, pH B2 pHrodo 12 X b 5%
L 72 KD IR H 2k o G4 2 ARPE-19 MHICIAIN L 72 (Fig. 16A), POS 7/l
6 6 KftiigD 7 7 3V VY — L% ARPE-19 filfEicHL D 3A F #1172 pHrodo-
POS DHEIEEIC X D HIE L 72 & 2 A pHrodo-POS D H{EEREE DS RS9 DAL
JERAARIICHIIN L 72 (Fig. 16B, C), L& miBfER 2 H\» 72 z-stack HIRIC BT
b . ARPE-19 Ml ICHL D 3A £ 4172 pHrodo-POS 2% D JHPHIZFAET 5 2 & D3RR
Itz (Fig. 16D), [Al—D ¥ 4 LERAL v FIZEWT, 36 L Tw v POS %
DA F 472 ARPE-19 Mifgic & % Nef2 PRy {bins 4 v /87’8 (HO-1.,
NQO1) XU POS D LICBILG T35 EXNbA— b7 7P =By V87
(LC3-II, p62) ODFBAZFML 2L 2 A, WTILdh 1 uM D RS9 ALEIC X b 3
DIRD 5 N7z (Fig. 16E,F), £72. RS9I K 27 7 3V VY — ATERASHEIER 1Z.
7 HIERG#E L 72 & F #fUE5#E RPE Mg (hRPE #ifi) 12& T3 ARPEI19 g &
AR ICFE® 547 (Fig. 16G, H),
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Fig. 16 Effects of RS9 on POS phagolysosomes formation in RPE cells.

(A) Experimental protocol. (B) Representative images of phagocytized pHrodo-SE—
labeled POS at 6 hours after POS treatment in ARPE-19 cells. Scale bar indicates 100
um. (C) Quantitative data of the phagocytized pHrodo-SE—labeled POS fluorescence
intensity. Mean = SEM (n = 12), **p < 0.01 vs. vehicle (Dunnett’s test). (D) Z projected
images of phagocytized pHrodo-SE—labeled POS using confocal microscope. Upper
images show XY axis and lower images show XZ axis. Scale bar indicates 20 pm. (E)
Representative band images of western blotting 6 hours after POS treatment. (F) The
results of quantitative analysis of the intensity of each immunoreactive protein band. Each
relative intensity was normalized to those of B-Actin. RS9 was used at 1 uM as a final
concentration, respectively. Mean £ SEM (n=5), **p < 0.01 (Student's z-test). (G)
Representative images of phagocytized pHrodo-SE-labeled POS at 6 hours after POS
treatment in hRPE cells. Scale bar indicates 100 um. (H) Quantitative data of the
phagocytized pHrodo-SE—labeled POS fluorescence intensity in hRPE cells. Mean =+
SEM (n = 6), **p < 0.01 vs. vehicle (Dunnett’s test).
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32 77 3V Y Y — LMEHAREEH o fER 2L

RSOEIZ K 27 73V VY — LEBMREERIIC DO VT, POS A 5 36 I
5% £ CORRFNFEMN % 17> 72 (Fig. 17A), RS9 ALIEIZ X b HMHIIEAEiARI0 2
M6 6 Rl ET7 72 VY — LIBEMGE I L7z (Fig. 17B, C), 7.
RS9 7% RPE Mlfdic JIE 34—+ 7 7 ¥ —THHALIc O W T H B L7z, By
YRVETH D LC3-I KU p62 DFBLZFl—DF A LR A ¥ b CREIREAY I Gt
L 7oA, RSO AEIC X D wdnd —ilikic BEH L7 (Fig. 17D, E),
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Fig. 17 Accelerated maturation of POS engulfed phagolysosome by RS9.

(A) Experimental protocol. (B) Representative images of phagocytized pHrodo-SE—
labeled POS at each time points after POS treatment in ARPE-19 cells. Scale bar indicates
100 um. (C) Quantitative data of time course analysis using pHrodo-SE—labeled POS
phagocytosis assay in ARPE-19 cells. Mean = SEM (n=6), *p < 0.05, **p < 0.01
(Student's #-test). (D) Representative band images of western blotting analysis. (E) The
results of quantitative analysis of the intensity of each immunoreactive protein band. Each
relative intensity was normalized to those of B-Actin. RS9 was used at 1 uM as a final
concentration. Mean = SEM (n=4), *p < 0.05, **p < 0.01 (Student's z-test).

51



33 A=t 773Y—L0RHEFICEK % POS DER

fEDHTR L@ D, RPE MUICIND A7z POS 7 7 3V — LA DFEIMIC
LC3 Y 7 )v— b Zd, NEYIDOMLDMThbitd (65), RS9I X D POS ZHLD
AALTET7 73 Y — LSRN 2 2 EBSHS ko7, LA L, RS9
CEDEEMLZ7 730 VY —LBNRICES T2, ZONRIZA— 7
7Y =R S L T A IS TR, NS DREMNT 5O, 4 —
77 IV =LY Y —LOMGEERE T2 RNA —F 7 7 2 —HEHI Baf
Al Z w7z FITC-POS D3 ffdHli 211> 72 (Fig. 18A), T3 E TOMG T,
pH BAZEHOE 1 pHrodo 12 & DA L 72 POS ZH\>7 7 3V VYV — LK%
Al L 725, ARG TIE FITC 12 & D &£ L 72 POS 2 Hv>T. RPE flifdicHh
AF N RTD POS ZgHili L TV %, POS A6 36 KifEl#e. RPE #fEN
IZFEFET % FITC-POS %2 73fE I 11 CWw72 0 POS DR E LT, Z D% E =AY
fifiL 7z, C O, RS9 ALEIC X D HLD A £ 4172 FITC-POS DA 0358 & 1
7z (Fig. 18B,C), & 512, RS9 ALEREIZE T, Baf Al DFIFFALEIC X 1) AT
% FITC-POS DEHHEM L 72 (Fig. 18B, C), T4 6 DFER L D, RS9 I3 POS D
RPE MlENICE T 2D IAAHEZMSE 2D TRAEL, 773UV Y — A4
B EIEEL T3 2 EDVRB I 7 (Fig. 18D),
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Fig. 18 Effects of inhibition of autophagic degradation on POS accumulation.

(A) Experimental protocol. (B) Representative images of undigested FITC—labeled POS
at 36 hours after POS treatment. Scale bar indicates 100 um. (C) Quantitative data of the
number of undigested FITC—labeled POS in ARPE-19 cells in 1730 x 1300 um?. RS9
was used at 1 uM as a final concentration. Baf Al was used at 75 nM as a final
concentration. Mean + SEM (n = 4), *p < 0.05 vs. vehicle, ¥p < 0.01 vs. RS9 and Baf A1l
(Student's #-test). (D) Schematic diagram of RS9 effects on POS phagocytosis process.
Baf Al: Bafilomycin Al.
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3-4RSOIC K 27 73V VY — LIPHAEEERICN T 2 pe2 ICk B2 A —F 7 7Y
—FHEEH DB G

RSO BEDEHIIWCT7 7YY Y —LIBRZIHEL T 20220 T, Nif2 7
PALDO TR CTHEEINE A — 7 7 P —HENY VNV ETH D p62 IZEHL,
p62 DFHL%E SIRNA ICK D ) v 787 v LEBD 7 739 VY —LBRIZOW
TS 2T o, p62 %/ v 787 LR, RSOICEZ 773V Y Y —0F
BAGEIER X ZAL L 222> o 72 (Fig. 19A), A — bt 7 7 ¥ —BH#iy v o 7 EH O FB
WCOWTHHERLIEZ A, p62 &/ v 777 v LIFER, HO-1 OFB EAE
FIZ DL TIE D 7 . LC3 O FI EFERNIEI IS S 4172 (Fig. 19B-
C) ZNGDFER LD RSOWEIZ X Z 7 7 3 VY — LEIEEERIC, p62
WCEBA— 7 7Y —FRIEHEG L TwARWI L3RRI NT,
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Fig. 19 Effects of p62 knockdown on POS phagolysosomes formation.

(A) Quantitative data of pHrodo-SE—labeled POS phagocytosis assay at 6 hours after
POS treatment in ARPE-19 cells. Mean = SEM (n=6), **p < 0.01, N.S.: not significant
(Student’s #-test). (B) Representative band images of western blotting 6 hours after POS
treatment. (C) The result of quantitative analysis of the intensity of each immunoreactive
protein band. Each relative intensity was normalized to those of B-Actin. RS9 was used

at 1 uM as a final concentration. Mean = SEM (n=6), *p < 0.05, **p < 0.01 (Student’s ¢-
test).

55



3-5RS9 12 & 5 AMPKa-mTOR #&#% R H7E AL 7

% O Nrf2 IGEHALEEIE, Nef2 OHIHIAT- Keapl D> AT A VEHEA~DRE
BOBIZ & D Nrf2 227G T 2 BB A & Eidn a2 bacbdb s 31), A—+7
TY—ZFEETLI 7SR E LT, MIlENOZ XL XF —RZIBET S
AMPK-mTORC2 fEEDEHET 5 (72), Z D72, DI T AMPK-mTORC2 #%
FEIZR % RS9 DIEH 2 15T L 72, AEETIZ, AMPK-mTORC?2 #E#(EIE 4 ~
PNIEIZDOWT, RS9 ZHIALE L CTH 6 6 RERT ORI 22 B 2 17 - 72,
Z DFER. RS9 AL 60 347> 5 AMPK DY) VB{LASRS & 17- (Fig. 20A-B),
F7-. AMPK V) VIB{LDO T TH % mTOR DBLY » (DY RS9 ALE 120 5350
5% 57 (Fig. 20A, C), & 512, AMPK-mTORC2 #&HD Nifi Tl ) ~ 1k

IND Akt IZOWTHIE L7 & 2 A, RSO LA 120 77405 Akt DY Vg

=

LiE 360 7T DB THE L7

L33 D & 7z (Fig. 20A, D), p62 12D T i RS9 ALiE
ILiE 360 372 12 B 2 763

IR D & e h> 7253, HO-1 129\ T lE RS9

=

A2 D 57z (Fig. 20A, E, F),

AMPK-mTORC2 #&#g D b FIICAIE T 5 AMPK IZDW T, RSO ICK B Y ¥
MR LEEED B L e 22 S 5 ICHET L 72 (Fig. 20G), NAD'IE T DIsiE %
o) fliEETH D, AMPK OIEMHALZHIEH T 2 fileNO = 2L ¥ —k v —L
LCoOEbH LT3 (73), NAD'Z NADH & FEPIREEICH 503, MIEN D
IFRNFX—=DRZT 5% E L TNADY/NADH 3T % 2 L2k D, AMPKa
DY VB Z B, % 2T, BETME Nef2 1EHE(LEETH 5 RS9 23 LELO Pl
RED SET28) 2 L2k D P2 LICHEIT TR D TRV & v ) K
T INERGEEL 72, NADYX O NADH HisEDBR{EICIS I e
HZ2 T RSO BMA S 30, 60, 120 73D NAD/NADH iz HIE L 72 #5248,
EIRFIY 722 b SAE R S O RS9 #3120 734218 1) % H 7% NAD/NADH o |77
D3R D 5 N7z (Fig. 20G),
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Fig. 20 Effects of RS9 on AMPK signaling-related protein expressions.

Continued on the next page
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(A) Representative band images of western blotting. (B-F) The results of quantitative
analysis of the intensity of each immunoreactive protein band. (B) Phospho-AMPK (p-
AMPK) expression levels compared with those of total-AMPK (t-AMPK). (C) Phospho-
mTOR (p-mTOR) expression levels compared with those of total-mTOR (t-mTOR). (D)
Phospho-Akt (p-Akt) expression levels compared with those of total-Akt (t-Akt). (E) p62
expression levels normalized to those of B-Actin. (F) HO-1 expression levels normalized
to those of B-Actin. Mean + SEM (n=6), *p < 0.05, **p < 0.01 vs. 0 min (Dunnett’s test).
(G) Quantitative data of NAD+/NADH ratio. Mean + SEM (n=4), *p < 0.05 vs. 0 min
(Dunnett’s test). RS9 was used at 1 uM as a final concentration.
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3-6RSOICK 27 73V VY —LEBIGEERICE T 5 AMPKu D5
AMPKa I IFHIERAER T 4V 7 4 — 25D AMPKu ROBRER 7 £ 7
+— LD AMPKo, D3FAET 5 (74, 75) 2D 9 B, AMPKa, 2% RPE Mgl & 1F
HEMIIENETD 7 7 T A F = RCBGT 5 2 EHEIN TS (76), C
D7D, FFT ¥ 72=y FOHEIRSI D7 73V VY — LTEEMEEER I
I THEER G L7, siRNA ZH\WT AMPKm %/ v 7 %7 v L 724G R,
vehicle JUERE & RSO MLEREZ NFNUICEB VT 7 7 3V VY — AP ETET
LZbDD, RS9 12K B7 73V VY — LEHAIEHEERICH S 2 2 213
SN o7 (FiglA), 200 T, ey 72=y MZOWTHRERIZ, v 7 4
VIR LHLE, RS KBTIV Y Y — LTEEAEHESEH O BEE 2 T 255E
L7z (Fig.21B), I 612, i 7 2=y b2 v 78I VEHETTE— 7 7Y
—BHH# Y VSV EDFIICOWT L HbETHER L7 & 2 A, p62 DFHIERIIE
237 < . LC3 DX EFAMEMADMNH S 7z (Fig.21C-D), 72, a7 2= v
~ OFEBENE, HO-1 OFBUHEZ KIF I D> 7z (Fig. 21C-D), W3 1D
SIRNA IZBWTH, HAHK AMPKa OFEHNPIFI STV 2 & 2R L 7
(datanotshown), 245 DFER I D RSOAEIC L Z 7 7 3V VYV — LIBERAIEHE
TEFIZ AMPKoy 2/ L7c A — + 7 7 ¥ —iHE OB GRS X 7z,
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Fig. 21 Effects of AMPK knockdown on POS phagolysosomes formation.

(A-B) Quantitative data of pHrodo-SE—labeled POS phagocytosis assay at 6 hours after
POS treatment in ARPE-19 cells. Mean + SEM (n=4-6), **p < 0.01, *p < 0.01 (Student’s
t-test). (C) Representative band images of western blotting 6 hours after POS treatment.
(D) The result of quantitative analysis of the intensity of each immunoreactive protein
band. Each relative intensity was normalized to those of B-Actin. Mean = SEM (n=6), *p

< 0.05, **p < 0.01, N.S.: not significant. (Student’s #-test). RS9 was used at 1 uM as a
final concentration.
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3-7 BEME N2 IGHELERIC K 2 7 7 TV YV Y — LTS H]

RS9 UUIND Nrf2 iEMWALIEDS 7 » 2V vV Y — L ERASEER 2 6 9 %2 2502
DWTHETT % 7212, WL 228l 71 Nef2 163 TH 2 7 < LigY X F
WALV T7 457 7R HOTRBRICERZ{To7, ZOFR. 72ILES X

Fou, ANT7 4777 VIO TNHEMBEAG D7 7 394 b= 2 &2EEL

- (Fig. 22A-B),
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Fig. 22 Effects of Classical electrophiles on POS phagolysosomes formation in RPE

cells.

(A-B) Quantitative data using pHrodo-SE-labeled POS phagocytosis assay at 6 hours
after POS treatment in ARPE-19 cells. Mean + SEM (n=6), *p < 0.05 vs. vehicle

(Dunnett’s test).
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54 fifi B

B2 HWOWZETIZ, Y TR/ A FEINe2 iEMEALEETH % RS9 23 RPE (2
B sMEN G o7 7 a0y Yy —osBRERET S EEZHS2ICL 2
(Figs. 16-18), F 7z, ZODIFHIZ p62 ODFERIZ L 54—+ 7 7 ¥ —sFEICIEKAE
NCH -7 (Fig. 19), BRNDFER., 7 7 3V VYV — LTEHAEHEEH 1X Nef2 Tk
WT0FEL h bR 2 AMPK OIEMALIERZ 0T 5 2 L RB S
(Figs. 20-21), 7 7 3V VYV — LTEEASEF R, 8L 2 Bl 11 Nrf2 35141k
HTCHDLIINVBIAFVROANT 477 7 /ICEBLTHHEL RO LN
72 (Fig. 22), SBIOMEHERD S PRI NS RS9 D7 7 2V VY — LTEHUEE
ERX D= XL DD Th % (Fig. 23),

Shed photoreceptor outer segment

=

| Degradation/Recycle |

Into visual cycle

Fig. 23 Schematic diagram of effects by RS9 on POS phagolysosomes formation.




VAR ZEER AMD OB E L TEY 2 7L A 7 )L DO FENIC N %
DO EDTH S RPE6S DEHINT WS (77), BEARINIZIZ, RPE6S DIEETGNE
ZUHIT 2 I 7 228 b (€2 27 VY 4 7 VHEH) BRI (78).
DAY IFHEEREREDOE S S v A REED OBRIEEZIH LE2 &L 3hk
D3, ERARERERIC BV TR S N ZiET AMD OMEfTIIGIER 2 R X 2o 7
(79 DI EDS, EHE AMD DIRFICE VW TE Y 2 7V A 7 )L 22 IR E
22 EIFENREBIKTIE R VWITRENEZ oD, F-E bR k)T,
WA, ZEET AMD 5O RPE fildClEA—+ 7 7 V=A@ Tnwb 2k
DEHIN TS (41,43), L L2365, ZHiiM AMD 3% RPE fildic 1) %
A=t 7 7Y —=A2IKY, D HLAS E 7% % 2 LT RPE fllldOWREICH S
LT3 DO TFFEI 2R D fTbinToukvy, AR CTEHEH L % POS
I, MRS TH 2 & MRS 5 HIVCEEIIC RPE MIRUICED A £ 40l
fbxnfily Tz (3), AL D POS gL, 20— h I
% Z L CRPE MIICH D A FELZZ T 5 (80), 2D & 9 B2 S POS 1
RPE fifiic 351) 2 IEEDEI LY O EE AL 4EHGIR & %> TH D . RPE Mgl
PRREIR T 23ZEHHEL AMD 12 B 2IRREIEIICEF 5 L T 5 ATREME DY S

RETIE, FHLEY T 4 FHINef2 3EPE(L3E RSO 25 AMPK 7ML
ZHTHZERHOICLED, 2OXIREHEIXAFL Y7 L— BD)PRY
7/ = IVEHDOLART ba—)L @)ICEVTHMEIN TS, s il
BT OTNG RETHEOFE I Z 2 OfEEFIcA L TE D Nif2 JEE(L
TERDPERE SN T3 (83,84), £7-. AMPK iGMLIEFAZ AT 5 2 L THEAL
BEARIAREEE D X b AL S v b Nef2 WAL ST 223, 2 OffEH]
& AMPK IKFII 288 CTH B (85)e 2D X 91T AMPK & Nrf2 13537 U 72 e
TV d, SEEEVEOERNZ Ao 2 2 &3z OfEAKF 2/ 5 -

THETH 2, MAT, BETHNC X 2 AMPK G & Nrf2 JEHALSOG D 72 5
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ISR ORE TR OEWIN T £ O RKIEEDERIC LD F SR I NS b
DEEZ N AEYHD LD RETSIG 2R TEHAMTH 20, $7%
13 Hard and Soft Acids and Bases H] (HSAB HI) (86)IZIH S L T EDRREZ S
WHDTH L E ) KON TOEREZEZ 5 L THETH S, £/, #
BT Nef2 L3R TH 2 RS9 ALEIC X ) NAD/NADH LB AL & T >
% Z & 2HMER L 72 (Fig. 20G), ARJEARADSBETHLAYICHIET 2 2 L2 5,
RETI)EH AMPK iGHELD b U =2 o TW AR I AW B L 6 3,
L2 L7235, NAD'/NADH HOHENMIE AMPK DIEMHALDBZRICAEL 5 & O
bHH (87). WAHMMETH % Z L5 5, NAD/NADH LD ¥ENNAHY AMPK i5HEAL
ERICEB T 2EOMEMNTH 2000 TIEBRORMDH ) . & 5 7% 3G
DETH D, ¥z, AMPK DG ATP BEAZTUEIS Y, AT 4 774
— PNy 712 & ) DI AMPK JGHEICIZ T L A IIHIIC@iC 2 e E 2o b
(88), FEEXIZ, SEIDMFHIEWTH RS ICKZ 7 73V VY — ATEHRIGENER
DR & M7 BIAINEALETALIE 6 IRFEIBRIC 3\ Tld, AMPK JEEL /R I3

N2 d>o 72 (data not shown), 2D &5, RSOICK D 7 73 Y Y — ALK
fMEE A IZ D b DTH 2 AREIELRR I NS,

I 512, SRlIOBHTIEZ, TTICHEDH S AMPKo, 77 2=v FT&L |
AMPKoy ¥ 7' 2= v F OIS 7 7 39 A4 b —> A~DEHDMMHER S L7
(Fig. 21), X DG TIX, FITC Bk L 7= HHE 21 &i % FH v C RPE @I Y
DA E N - 2 5l L TR D, 2 OFHIERICE VTIE AMPKo, 72
Zv FBFLELTLE I EWRINT VD (76), S IDORETTIZ pHrodo &£l L
7-fMlE A 2 v RPE MR T 7 7 30 VY — AR E I L TE D |
773V —LEROF (GHEAELED S 6 RR) 1B W TIE,
AMPKo, 7 2=y F X Db AMPKoy %7 2=v M2k A4A—F7 7P —iF4
DHEHEDIRE L EWRBI NI,
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AR TR, BETHEAYIEMESE D 7 7 29 4 b — > A UET
WEEZMHM L, AMPKy 7 2=y OV Vgfbz N LA —F 7 7P —FHE
K& 277 3VYY—LEHISEEH & I Fie Mz Hk, £, p62 i X
5F— 17 7P —OFEHN LC3 BEI 7 7 YA F—Y ADOFEIT TRV
I EL RN, FBERKKEN DA — 7 7 O —HEOEREIC oW TR
WEZHS DI h o Tk, S, glfiiadtiio Le3 B 7 » 29 4 + —
S ARGE BRI 2ERWA — + 7 7 P — D) 5 ZEiR AMD ICH A
BRSNS S 2 EICHIREL 720,
HIREROHE2EICE TR N2 ER R E L TR Y 7R/ A FHID RS9
WCEH LTIt 2ED 7, 83T TR, HILBIE Al & 572 5 Nrf2 JEEL A
MEETZ27I7PNVES) = 7Ry ZAKMEY L2 DEIRTICERL T
Batz 17 72,
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53 0 R Y AR X BELA b L ZRIF Nef2 3RV 1
B S

FimThiR7e X J o, Nef2 I ER 2 6T 2LV S BEEL TE D,
ZDIFEAEDEERICRE ORI EE T 2ETAITHL, Lol
76, BETHIOHITIE DNA BEFEIC X 2 %3 AEH % & D 4-nitroquinoline-1-
oxide D & I ZALEVW D EAET % (89), T4 F TR 247> 7% RSO V)L F ¥
YRy AFUE, TDX)7% DNA EEZGI S &4 N2 Z2iEMHELS
Y E LTI TbN TS, Lo L, EERNTRE TG 2 2 31U
E L TEIRERGPRAESG T DNA EENRCEI S Zn EEEwEInTg,
Y72 B ERBET & b D Nef2 TR OPRR & K O L FrRAIN O 7 0 1 L
Thb, ZITRETIEHIUBIETH & %% 2 Ne2 IGEWER 26T 2 77
PIWFET ) =7 a R ZKHY) (Water Extract of Propolis: WEP) & Z DE %)
A icE R LT 21T - 72,

7RARY RF T YNF VRO 2D 5 7D IfEHT 25 DORIETH D |
EENDLHITIEZ OEHPMEL & e o 7-REVIIR, ST L TR T 5,
7R ZFMEAIEE LT L )RR ORA SEREBOBRBEICHCSNTE
Too SYNFETBERY R K S THIER VA VAD S BEZ5F5 L vwbiltT
B, EBIZ 7R Z3EWHIEERZAE L TW5 (90), L2LE25, JiF
FRDIEPIZS 70 R 2iE, BHEKOENZH L T0 3 2 EPREINTL
%, UIREDBEDOHGICE T, Ny AV X2 REEY & § % WEP & ZD
FEEHRTTH 3 3,5-P A7 = AL VF T (3,5-di-O-caffeoylquinic acid). 3,4-
PhT7 A A NI FIE (3,4-di-O-caffeoylquinic acid), 7 ©@ 1’7 > [i# (chlorogenic
acid) . p-7 ~IVI# (p-coumaric acid) (%, /RO —FHTH % ultra violet A (UVA)
D6 B S HETF M 2 PR T 2 2 &2 LT3 (91), WEP IZHilg{LIEA %=

952 EPMEINTEN UVA I L BHlEEEIZB{LA L AI2 X % DNA
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BEZNTEIEPHEINTVS 1), HiFE TIZEH L% Nrf2 13 UVA 2
o DA 7 B AR HE N ORGE BTG L Cw B T EAURI N T 503, WEP
2 & 2 BERHESAIED UVA 226 OREEEH & Nif2 OB EICDW»TIIA]T
bote, Z ITTARMIZEICE W TIX, WEP I X 2 BFHHELEMIZD UVA 26 D
CREEME RIS Nef2 IEVEALAE R 23BY 53 % s D\ TiiET 2 17 5 e,
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552 £l FEBRARL B OV i
2-1 FEEatA R
A O 72 B R OGAER N, LT 0D TH B,

PFA & Wako (Osaka, Japan), Y Y/KE_F FY VL - 20K, Y VB IKE
F bV 7 5 ZIJKHIY). Hoechst 33342 X Invitrogen (Carlsbad, CA, USA), 7 /L%
T < 77 > b i Diagnostic Bio Systems (Pleasanton, CA. USA)X D Z1Z U A L
720 WEP KON Z D FHERRTTH 5 3,5-P A7 2 A A NFFB, 34-PH 7 =
FANFFEE, 7aaF VBRI p-7 < Vigid, 7 ERREH R, HA)
IDREL TR n,

2-2 FEBRGTR
2-2-1 ks

b b RS RHESEIAR (NB1-RGB) (. RIKENBRC X DA L 72, NB1-RGB
ffEIE. 10% FBS. 100 U/mL penicillin JZTX 100 pg/mL streptomycin % 01 L 7z
Dulbecco’s modified Eagle’s medium (DMEM) (Nacalai Tesque Inc., Kyoto, Japan) %
V2 37°C, 5% CO, T THiER L 72, £/, 2 HiRICH A2 1T, 34 Hig

\Z trypsin ZLBRIC X 2 fEIREZ 15 72,

2-2-2 UVA 5 EbeE

4 HIE5G#E L 72 NB1-RGB fMiic i L. UVA KU | IREIETICE 2 1% FBS.
7 =/ =)L v FA%E DMEM (Nacalai Tesque Inc.) (32 L . WEP (PBS 12X D
) &5 WIEEEARLST (DMSO IZIAFEE PBS 12X D ) OALE % it
L 72, UVA IREHZIZ UV 7 1@ 2 Y > 71— (CL1000; Analytik Jena US LLC, Upland.

CA. USA) ZfEH L. 40 7[E2>1F. 10 JJem? D UVA %5 L 72, UVA JERRS
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BRI 7 VI R A V2 “HICEE, BEPOMiigs Ebicru R v —NICE
L7,

223 Vx RAF 70y MK BEHL

NBI1-RGB i@l 24 well plate 1 2.5x10* cells/well & 7 % & 9 IR L . 37°C,
5% COx DSAMT T 4 HIEEGE L 7o, Fidisgits & SASRAIN2 170 UVA HEGY 3,
6. 12, 24 KffERICZNZ Y v 7)) v I 2T o T, DRIZH 5 2-2-6 & [Afk
DHFI TR 24T > 72, —RPUARIZIZ, anti-HO-1 rabbit polyclonal (1:1000.
Merck KGaA). anti-B-Actin mouse monoclonal (1:2000, Sigma Aldrich, St. Louis,
MO, USA) #ZnZ w7, ZXHifRIZiX, Horseradish peroxidase (HRP)-
conjugated goat anti-rabbit IgG (1:2000, Thermo Fisher Scientific), HRP-conjugated
goat anti mouse antibody (1:2000,  Thermo Fisher Scientific) % M\ 7z, ¥ > 378
DFBFREE X, Multi Gauge Ver3.0 (Fujifilm) %\ CT#NTL 72, N> FORE%
Ak L., 4 ofizHEH L7, B-Actin Zu—F 1 v 7 avbu—)L& LTl
ML 7%,

2-2-4 RNA fhH

223 VX RAZ v 7 ay MK BT & FERED 71 b 2 —)LT NB1-RGB i
DRGE, UVA R 21 T>7, UVA g 6 Rffil#2. PBS T 1S L, v 7
) v 7 %4757, RNA DOl NucleoSpin® RNA (Takara Bio) % fv>, &

7’8k a— )VicfEo> TT o 72,

2-2-5 RNA Wiz E
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i L 72 RNA DJESE1Z NanoVue Plus (GE Healthcare Bio-Sciences AB) C 260
nm DR DIIEHIEIC L D RS, RNase-free HoO %\ THKH > 7LD RNA
BEREL (%25 X )% L 72, cDNA ~DHLE 1% PrimeScript® RT reagent Kit
(Perfect Real Time) (Takara Bio) % A>T, #7700 b a— )L icft-> o7, 5
x PrimeScript Buffer (for Real Time) 2 pl., PrimeScript RT Enzyme Mix 1 0.5 pL.
Oligo dT Primer (50 uM) 0.5 pL. Random 6 mers (100 pM) 0.5 pL., & RNA H ¥ 7
V65 uL e 10l & LT, IBRA& L%, D%, PCR Thermal Cycler Dice
(Takara Bio) ZM\>T 37°C T 15 SR E )G Z TV, Z D% 85°C TS5
[RIFHIEL L WG R 2 RiE S H 7,

2-2-6 Y 7)L¥ A I RT-PCR

Y 7)V% A4 L RT-PCR (2%, SYBR Premix Ex TaqII (Tli RNaseH Plus) (Takara
Bio) Z#HMH\>7z, SYBR® Premix Ex TaqII (Tli RNaseH Plus) 10 pL (Z4% primer X O
JRE K, cDNA 1 uL ZMMA. 8% 20 ul & L. primer L 02uM &7 %
£ ) IZHHEL 72, Z D, Thermal Cycler Dice Real Time System (Takara Bio) % H
W, 95°C, 30 & 1 A4 T )L, 95°C TS5 FHIEL 60°C T30 BiHE 40 A
27 VAT, PCR RIGZIT- 72,
> 7z primer % DA P IZ/ART,
Ho-1: 5-CAAGCCGAGAATGCTGAGTTCATG-3' (£ » A ) KO
5'-GCAAGGGATGATTTCCTGCCAG-3' (7 ¥ F & » A )
Ngol: 5-“AAGCCGCAGACCTTGTGATATTCC-3' (£ ¥ A §H) KO
5-AACACTCGCTCAAACCAGCCTTTC-3' (7 ¥ F & v A H)
Gelm: 5-ACAGCTGTTGACTCACAATGATCC-3' (& ¥ A #H) KO
5'-GTGCGCTTGAATGTCAGGAATGCT-3' (7 v F & » A §H)

B-Actin: 5'-ATGGAGCCACCGATCCACA-3' (& ¥ A #) KX
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5-CATCCGTAAAGACCTCTATGCCAAC-3' (7 v F & v A H)

#% PCR IZEWT, ARHFE. R2 R BEANL A VS —FA—7DE
MREIPEZ B U7, TRTOKIBIE B-Actin 12 & 2 NTBHIIEZ T - 728, 2 DF
Bz Hwiz,

2-2-7 MG R I K B R

NBI1-RGB ffifldlx. 4 well chamber slide (Thermo Fisher Scientific) (2 2.5x10*
cells/well & 7% X 9 ITHEREL . 37°C. 5% CO, DEAF T T4 HEEGE L 72, K5
A&t & RIS 2 17V UVA HS 6 IRF[EIFR I 4% PFA IC X B EE 2 15 JrfhlfT
W R 2 BRG L 72, 3% normal goat serum & PBST (0.5% Tween &) T
30 A7 ey X v 7L, 7ay Xy 7k —Xifke vT4°C TG
I, Z DB, ZRPUA%E 1 R )IE S & Hoechst33342 (1:1000, Thermo Fisher
Scientific) % 10 DHIMIGI 7, mEIZ PBS TPEEE, chamber ZHUD FRE
ATA VT I AR NVARS YV b OKIBHEAIEM) ZHWTAHANN=7F R
THA L 72, — XU 1L, anti-Nrf2 rabbit polyclonal antibody (1:50, Santa Cruz) % .
TRPUARIE, Alexa Fluor® 488-conjugated goat anti-rabbit IgG (1:1000, Thermo Fisher
Scientific) % Z N1 Z 1L W7z, Guta L 72 M3 R L — o i A R WE A

(FLUOVIEW FV10i; Olympus) % F\ > THRi¥ L 72,

228 X777 4 v affe i son a— A FEINE EE

X777 4 vy a2 OREFIZINEMNBZIZ enhanced green fluorescent protein (EGFP)
Z FEPL I & 72 Tg (flila:EGFP)Y! (92) (Zebrafish International Resource Center, Eugene,
Oregon, USA) DHAREIC L W B2 bDZ2MH L 72, 155 11701 6 well plate

WXL, 1well 12D 20 HOEETALL, 28.5°C @ Danieau’s solution 4 mL/well
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<. WM 14 BERE/REHE 10 KRR (BHEA: ZPRT 8 WE-AFE2 10 W) L LCEMIE L&
(50), 7' b3 — 20X WEP 13 2 1L 24U E A3 200 mM K 08 50 pg/mL & 74 %
£ ICHEITEWRICIAME L 7 IRECIMICRER L 7, SlETRI3 8 HCH L 72, IEHE

ZiRsZ T 57010, ZhF 22 IR MR X 7 = v (R DGR HFEAI 1-phenyl-2-
thiourea 200 nM % § N TORICALE L 72,

MERE DR 125285 3 HIRICHEME L 72, 500 ppm 2-phenoxyethanol (wako)
CHEF % PRI L 72%%. 3% low-melting agalose (Sigma Aldrich) (2 X D 35 mm
glassbottom dish |2 1 @ # L 7z (Greiner Bio-One International GmbH .
Kremsmuenster, Austria), &G DR IITILE KL —F — S (LSM700:
Carl Zwiss, Jena, Germany) % fH\>7z, #REZHIRDMATIZ I Image J Fiji software
(93) % H\>, maximum projection % Z 11 Z IL/ERL L I FIARIMAERHGE D 7L — FEF
it 247> 72,

TRTOFEETIEIZ, KRR ZHVIEE - BV ERER 2 DKED T X
i L 72, ¥ 72, ARVO H 5 [The Association for Research in Vision and Ophthalmology
(ARVO) Statement for the Use of Animals in Ophthalmic and Vision Reserch] (Z¥E

THEEY 2 AL 7

2-2-9 #fHARIIEAT

TR 12 £ BERRE R L 7z, M2 bhig ik, SPSS Statistics
soft ware 2\ > T F M€ 217> 7#%. Student’s t-test E 7z (% Welch’s t-test, —JT
B iE S 81T % 47 > 7244 . Dunnett’s test, Tukey’stest |2 & D 15 7z, MG 5%

AmizHEAZAGD & L7,
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553 fi SRR
3-1 WEP 2 & % HO-1 554 EE
B RERRMESFMIAE &2 FH VT, WEP 12X % UVA 56 Ot EHIc B 1) 2 4L
LIS ORI G %2 a3 2 72 0, UVA IREBHIR 2> S 3. 6, 12, 24 REfB2IC
BT 30 pg/mL O WEP AWEIZ X 2 #8IRi N 72 & > % 7 B R B B D 5 %2 17 -
7o Z DOFEHR, Nrf2 Tt THE S N3 JIRIUIGEINT-CTdh %5 HO-1 1Z, UVA I
B3 Rl 0> & WEP ALERECHE 2 INA RO &z, UVA S 6 Rl T
& WEP JELEREICE VT HO-1 D LA 647 h3, WEP LERFIZE T
£ 0 EAT 20 Stz UVA IS 12 IRf[E#2 Tld WEP ZLE e VIR
BRI B W CHRE D HO-1 B LA 641, UVA W5 24 FF4 T3 WEP
MERHICB W THER R T2 O 67 (Fig 24A), £7-. UVA JERUNRE
IZB W TIE, WEP LER D HO-1 DFEBIZTN IR & N Zed > 7 (Fig. 24A), &
512, 30 pg/mL O WEP ALEIC X D HE 7% HO-1 388 LAV S 6 17z UVA 1]
9t 3 KFEIRIC B W T, WEP DIREMKFEIC O W T O EEf 217> 7 (Fig. 24B),
ZDRfGHE, WEP IZ X % HO-1 FEBUIEMER X, 3-30 pg/mL OFIPHT WEP DAL
ERE RIS & 17 (Fig. 24B), 7z, AR X 0 BE 7 Nef2 75H:1L
D RS9 LIFHEZ D | WEP IZFR{LA b L ABERED DD 6 7o FIALE STk

HO-1 Z3FE L b o 7z,
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Fig. 24 Changes of HO-1 protein expression.

(A-D) HO-1 expression level in NB1-RGB cells was evaluated using western blotting at
each time point after initiating UVA irradiation (A) 3, (B) 6, (C) 12, and (D) 24 h. At all
time points, WEP was applied at a concentration of 30 pg/mL. Mean + SEM (n = 5-6),
“p <0.05, p < 0.01 vs. control [WEP (-) UVA (-)], and *P < 0.01 vs. vehicle [WEP (-)
UVA (+)] (Tukey’s test). (E) HO-1 expression level in NB1-RGB cells was evaluated
using western blotting. WEP was applied at 3, 10, or 30 pg/mL 3 h after initiating UVA
irradiation. Mean + SEM (n = 6), “p < 0.05 vs. vehicle [WEP (-) UVA (+)] (Dunnett’s
test).
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3-2 WEP (2 & 2 JiRRIUIGE A 7

SRy
27 =]

HAEH

Nrf2 O FHRICHELET %5 HO-1 DA DHFIRLIGE R T2 DWTH . WEP %8

Z ERA-IE 5050129\ T, RT-PCR #% H\» T UVA HE} 6 RFfEl#% O mRNA

DI % FHMl L 72, HRETUBCICE R F D ho-1. ngol. gclm 1F\>T 41 dH WEP AL
& UVA BRI B W TR ER L7 (Fig. 25). 7. 3-11CEF % HO-1 ¥~

N7 BEDOFEHZA & FRRIC, UVA FERSREIC BT, WEP ALERE S ho-1, ngol

KON gelm DFEBAEE)IF
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Fig. 25 Changes of anti-oxidative stress-related factors. mRNA expression levels of
ho-1, ngol, and gclm in NB1-RGB cells was evaluated using RT-PCR at 6 h after
initiating of UV A irradiation. WEP was applied at a concentration of 30 pg/mL. Mean +
SEM (n = 5), *p < 0.05 vs. control [WEP (-) UVA (-)], and *p < 0.01 vs. vehicle [WEP

(-) UVA ()] (Tukey’s test).

75



3-3 WEP REEARERTIC & 5 HO-1 FEH M (E A

WEP TiZ® & 1172 HO-1 FEBUREEIEH X, WEP HICHELET 2 D4 ICHRK
TEZ2ICOVTHS I T 2720, WEP O EEHRIK D % H W CRBRO MG %
757, Z DFEH. UVA HE 3 B I 35\ T, WEP DHZNRSY 4 FEHD 9 &,
AT A= NVEEEGET L35 7 AL NI T, 34-PH7 244 VX T
ko7 anu v gEo 3FEEORTIE, HO-1 OFBIGERE-IRD & e (Fig.
26A-C), —Ji. p-7 < )VIEIZ, HO-1 OFRBUCEIER D S5 led > 7 (Fig.

26D),
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Fig. 26 Effects of main constituents of WEP on HO-1 induction. HO-1 expression
level in NB1-RGB cells was evaluated using western blotting 3 h after initiating of UVA
irradiation. (A) 3,5-Di-O-caffeoylquinic acid (3,5-CQA), (B) chlorogenic acid (CGA),
(C) 3,4-di-O-caffeoylquinic acid (3,4-CQA), and (D) p-coumaric acid (p-CA). Each
constituent was applied at 1 or 3 ug/mL. Mean = SEM (n =3 or 4), “p < 0.05 vs. vehicle
(Tukey’s test).
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3-4 WEP IZ & % Nrf2 iGEAL/EA

DT, WEP ALER D Nif2 DFEBIAGT 2N 5 712, ik z v
THET 2T > 72 Nef2 13IEMALT 2 ERNICRBAT LIS ERLINICHE & %
Z & THO-1 & U4 DHRUGER T2 3FE T 5, UVA KU 6 RfHic Xk D
Nrf2 DFEHHS B L WEP ALIE UVA RIS I VT HRAITTR T & 9 7% Nrf2
DIENBATHIRD 63T (Fig.27), —J7. UVA JEHGREIC B VTlE, WEP LA
#b Nrf2 OFH LA M OBRNBATIER D 6 gD - 72 (Fig. 27).
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Fig. 27 Effects of WEP on Nrf2 nuclear translocation. Immunostaining for Nrf2 in
NB1-RGB cells at 6 h after UVA irradiation showed changes induced by UVA irradiation
and WEP treatment. Cells were fixed and stained with Hoechst33342 (blue) and anti-Nrf2
antibody (green). WEP was applied at a concentration of 30 pg/mL. White arrows indicate

nuclear translocation of Nrf2. scale bar, 50 um.
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3-4 WEP IZ X %15 7V a2 — 27 S I T R SGE R

BRI, WEP ICX BIRICNT 2EHE LT, M7V a—AUNEERT> L7
7 7 4 v ¥ aOMERICE T 2 IR AN O SRR A OB 2 85T L 7,
FABRBICE T 5 E 7L a—2 (200 mM Glucose) ~DFTE IZMEHA Oy A1
B O H RS % e & 225, WEP 50 pg/mL O HHEKEG1C X D, B
BHEZ AT 2MEOEEGHIH S 7 (Fig. 28).
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A 200 mM Glucose
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Fig. 28 Occurrence and severity of morphological abnormality in the hyaloid vessels.
(A) Representative images of hyaloid vessels structure. Scale bar is 50 um. (B) Analysis
of severity grade. Grade 0: normal structure. Grade 1: abnormal structure. Grade 2:
disappearance of vessels. Each group contained 1418 larvae. Statistical significance was
determined by Mann-Whitney U test. **p < 0.01, vs Control, § < 0.01, vs Vehicle.
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54 i B

ARETIR, BEHAEFHIED UVA SE TV 2 fvT WEP ICX % HO-1 %
& N2 PWRICHE S 2 RS E R T O R BMGEET (Figs. 24-25) KO
Nef2 IEVEALIER] (Fig.27) Z2B1S 220 Lz, 55 1 B OV 2 BoH W 7o 8l 11k
Nrf2 JEEALHE RS9 & #8752 ri & LT, WEP % UVA R 13 Nrf2 AR
M%EREBhrot, TORKE LT, WEP IZE& £ 5 Nef2 iGPEALE A 1@ HIR
RECIE Nef2 TEMLIEH 2R S v e Ez o ns, BT 28 & LCGREICA
7 W87 = % F IV AT )L (caffeic acid phenethyl ester: CAPE) &\>9 R 7 7%
IEEY E§2 78 R) RAICEENIHTOMEDLH 5 (94), ZDHETIE
CAPE ICEEND AT a— VEBIBLING LBETIEZE T MG E 2D,
BETIEE2RMET 2 2 EREINT VLS (94), FEBEICARIOBEFRICE
TH, WEP ILEENS HEARRITDI B, AT a—VEREZHT S 3,5-27
T72AANFTFE, 34-PH7 A4 NFTFBKIRY 7 vy Vi, HO-1 DA
FH i FBGERH RO Shte, —T5, Mg h T a—VEKzZ bl p-
7 2 NVIBIZEWTIE Z DEADRED 6 il o 72 (Fig. 26, Fig. 29), 216D Z
£ 5. CAPE FIFRIC WEP ICEEFNEMAICETH AT a—Lgtkz boAh
7 xR TRV SO BRI Nref2 TEIALIE I 2 FE6 1§ 2 Al ko R S e,
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3,5-di-O-caffeoylquinic acid (3,5-CQA) Chlorogenic acid (CGA)
HO, COH

HO™ Y Yo
OH

Fig. 29 Chemical structure of main constituents of WEP. Dotted line shows cathecol

structure. Gray background indicates consituents have the effects of HO-1 induction.

N E TOBGE TR HR Nef2 2 TGS 2 384T H % RS9 2 M T & 7223,
T 17 Nef2 OTEMALIC X D I8MENAEIERNE C 28805 2, FiwTbi
A U 7= Bl PRI VL B s 1ot 9 2 [ PN AR T AR R SR 2SI S T v B 0L B ¥
vy AFLiE, BRICLMEA XY b OFEAMNE VI EIfERIC XD
BB I I Tw 5, T Nef2 1EHEA LR 2k SRR G X > T
e BEIEHTH > 7 & LT, BT ORGSR CIXERPE R 2 F &5 2
GUHE 7O b a—LMIlBEINTLDS 33), LA, 5% b1ERNA
Nrf2 JEHEAGIC X 2 BITEHI 23BN 2 AlRg ki3 & O . B 11 Nef2 T L3R 021
N 2B %5 13H2BEDV A7 2HLTw5, TR L, AMIZETEHL 7%
WEP & ZDEEEMKTTH 27 7 = RFHIL, AL A b L Z4KAFITIC Nef2 T
UIEM 2389 % 2 LT, BENOBER t L AIGEZ MY 21263 3
LEZOoND, BT DEEMEIZOWTIZE SICHEM a2 B Th 505, H
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HNABEFEEZE L Cokv I k) 2#bawis, BE T Nef2 15
L0 SLEIBERSVARTH L LEZONS, BILA ML AZ EHERHE

LIRBZRNRICL 6. 2O &) RERILA b L AIRENE Nef2 1GTERIERE DB
HKOPEFLwEEZONS,

L, AWFZRICE T WEP ROVA 7 %, BIFE 71 Nef2 VR X
D HH 0 HO-1 358 %78 L7 (Fig. 20, Fig. 24, Fig. 26), Z DEAIZH S 2>
D3, WEP KOV 7 = B BIRE T Nef2 WEIMELIE & 1327 2 (R 2
HI 2 HREED D 5, LR RINEHIAIAE 72 Nrf2 TEHELE 2 BASE§ 5 72 D Ic,
Gt 17 2 BBICE T B Nef2 TEEL R OPUR LR 7B 8 ICBIL Tid S 5
% 2RI TH B,

o, ARICBWTIE, €777 4 v afEfic L, WEP 25 7L a—
AN & D FEE I NS BEWMTRNETR 2 I 2 2 & bR I L (Fig. 28).
OOV a— A0, E AR U CIREDEEE (L% A L 2B A b L A K
IR ZRT 5 2 EDPHLNTWS (95), L LAl o AR Tld, WEPIZX %
SR ORI TEBNHITE ] & Nef2 WEPEALAEH o B I D W TR S 2T
ETVRvkd, FHRICRIMAEBRLETHL EEZ NS,

84



SRS AON E

BR(LA b L 2 IZEBHENICRBE T2 2 L ick W intEE2 SR T, &
N2 A NCHIE 2 AR E R I N Ty, BEA ML RARE %
HlH§ 2R EH T- D O & D TdH % NF-E2-related factor 2 (Nrf2) IS MIERER R D F
hE - ERICEEZICBE G725 2 EBH o NTE D 2 DR 2 TG R I X Ml fR
EEHZ N LB ENWELE D RE 2 EREZONS, L2 LAEDVS | Nif2
TP & 2 PURBLIGE R T DAL OB 1< X 2 MR E R Ic > v T, +4r
ICHSDICIN TRV, 2 2 TRE TR, Nrf2 TGO FIB G E R T
FELNDOERICOVT, A= 7 7P —DFE, 7 7 394 b — ZDIEEL,

BEETHILSID Nef2 FPELED MR IBE OB 5120w TR £ 175 72,

FE—ETIE, BLA L A2 6D RPE MRS T 24— 7 70—
DI FAEYFNBRE R T 2720, FELBILA L ANEEECH ) 4 —
b7 7Y — L OBERE X 115 Nef2 i % F V> C RPE ML 1 K
Oz DIEFBETICBIT 2 Bt %217 - 72,

1. Nrf2 JEE(LEE RSO DEBLA I L ALREMEHIZ, A — 7 7 ¥ —DfHEFIC

Lo THIl S 7z,

2. Nrf2 ZH I R OHIBLIETH 2 NAC DI A b L AR,

A=+ 77 —OHFTIIMHI S kDo 7,

3. Nrf2 iHMEALEE RS9 DMINAPRFEERF O —fficA — F 7 7 ¥ — DiH LA

BlG3 52 L 2o Ic L,

BB ClE, RPE MRS & 2 o [H i MERER RS < b 2 Rt Eio 7 »
YA F = R LT, Nef2 BSRIFTREZ RS L 72,
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Nrf2 {EHALE RS9 1Z, 7 7 3 VY — L2 EE S ¥ 7,

—_—

Nef2 JEMEALSRIC X 2 7 7 32U VY — LTEBAREERIE. p62 12k %
F— bt 7 7 ¥ —DIHEHACICIER A TH - 72,
3. BIETVE Nef2 TEHALER I, Nef2 £ & B oBER T AMPK #%5% % 7S

N

BT EEHSITL T,
4, BETME N EEERIZ. AMPK IEELIERAIC X > T 7 73V Y VY — 4
WHIEENR A — 7 7P — DAL 2 FHEET 5 2 L 2SI L 72,

BT, BB Nef2 IEMEIE & 13 R 2 Nef2 IR LI E LT, ) —
v 7a R 2K (WEP) N2 DFERIC X % Pl LIS N 1-#E
TEM 2 BET L 72,

1. WEP i%, UVA BHZICE W TO AT SER T ORELZ (e L 72,

2. WEP X, UVA IBHBICE W TDAR N2 2GS 8 72,

3. WEP OFEEMRIDI L., AT a—IVEREET S 3,5-Ph7 244
X FWe, 34-FhT7 2 AANFFBIO 7 0n U gIE, HO-1 OFEBEE
TERZ R LT,

PLbEX D Bl Nef2 TEIE(LER 3, PURRLISER 355 & I3BIfR & < A —
k7 7 ¥ =% L7 RPE i@ OREREMER M 2 )it < &, Ml 279
CEPHSDITE ST, 51T, Nrf2 TSI PUNRILSE & B b | I itre
Bt w2 EZRIE L, BENZRILA T L 2P 2 R I X
% IR REAEfEE 2 ]9 2 TREME DS RIR S T,
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A
K% &2 5 ICHARPADOZRITIC S 72 D IR THAREE 7 2 (S, (HiRE %
W D & U 7o BAERER A A (AR RE AT KRR S fe i At e = . R e
MficiEEz2HEZRL £,

Fro, HREROAROMEICKE L TRIGEZRY 2 2#BIE 20 £ L 2R
BER AR A BERE AR BT oA Gl E AN AT A WP S B IREEAE 1 G
RS ATERAT B — R L IREREREANAL AT AV Y Y —F
R AR B2 CHEAT I 3 O I SRR AT A ZE SR I D & I D T 2 &
L7,

MAT, 7774y 2DfEREEFHGEICBAL TS RE 25 %25
D ¥ L7 ZEARERFABEE LRI JE R B GG E o A 7 & R IR PH %
FE e ) 5 1 SRS A A SR B BT DA PR Nef2 AL RSO
Zheft o 2 B SRS SR L, K T e R Y AR 2D
FEAARIRGY 2 B 72 7200 7 7 R AR CRIRLH L T E T

E S
KA AR B ST I ERed, R AERER A AR i SR G L R
A REAE I LEREeA, I RAER AR 7)1 KGR L I AR S
lites Craulil v/ne o ra R - |2 QD= S

AHWFZ21% ISPS BHIFE: 17110301 DB #3213 72 DTT,
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