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BAEL, BPEICRBTS2PREABRROE | iz 5O3REATHY ., BHREHR
35 MEEARR AR O - BB RAIEICETT D Z LML TWD, RERIL,
REDOLEFICEIVRIET D ZLBALNCINTVER, REETIHRICE Y +45ICRE
ZETIETH, FESETTIEFASEZIBESN TS (Heijl A et al,, 2002; Musch
DCetal., 2009), %7-. TEDRKFEICLY, BREZETIHRNERE LV L EFRE
TRABERZFT5BEESBD TENI EBREN (Iwase A etal., 2004), IRE F&iT,
RNEOBBREFO—2 & LTIRADNA TN,

—7, BARICHET 2 ThE TOFRICENT, BEMRHMRELSISEZTERLE
LT, optineurin 72 & DFEFEE (Rezaie T et al,, 2002), REROE TICE S BEEREE
(Shibuki H et al., 2000), 7' /L% I B N-methyl-D-aspartate (NMDA) BZEEL2 N L=
IUBBRESM Harada T et al, 2007). B EOREMEY 4 b A 12 & 5 HIAREE (Cueva
Vargas JL et al., 2015) 2 EPMEINTEY ., ThOOBERZEN L LIZBNEOH /- 218
FRIEOREFHFIN TS, LH L, BRERTHBIED LRVIEFIS, EEOBKRTZR
IZBWT, NMDA ZEKRT v F TR MDA FURFRERUEBDRERERD -T2
& (Danesh-Meyer HV, 2011) IZ&% % &, — 2> DEREFIZH T 2RERK i, HAEOH
BETEMH TERVWAEELEIONSE, ThbDZ hb, HREBEED S D A
AT, MEBEARETHIASE 2 1Ml 3 2 AN R IBREORESRD bhTWH 3,

BTE. BRGAEN T ERDOKELRR G ¥ v 7 BHETIZHRIK (GPCR) 21EH
ELTEY, B b/ AETICEVEFLICRRIN GPCR 2D Y H Fik, IBEEN
L SN TWRWRBIZK T 2 H 72 RAIFAEN & U COREBESEIF S TW5, Apelin
iX. GPCR T» 2 AP ZAKORNEMY H FE LT 1998 BIZHEINE 1373 BE
EDWEL bOEBEMATF RTHD (Tatemoto K et al,, 1998), I E TIZ, apeli/APJ
AT M3, angiotensin[/AT1 ¥ 27 ADIME FEAER % MET 5 NEEORR S X5 A
ELUTHREEL TWSZ & (Chun HJ et al., 2008), AFM2RMEHEIEAEZHE TS 2 & (Cox
CM et al., 2006; Zeng XX et al., 2007; Kasai A et al., 2008). & iz, HIV OmRYB5 AR BS
54%Z & (ZouMX etal., 2000; Choe W et al., 2000) ERME SN TS, —F. PR
RIZBWT, MRMIIC AP OFEBLSHER S (Choe W et al., 2000; Puffer BA et al., 2000;
Medhurst AD et al., 2003; Kasai A et al., 2011), apelin/APJ ¥ AT AtX, #EMEIZRT L T4
FRZHET 2 FREENRRS N TR Y, EE, BMEMFERC/MEERERIC LY HFES
LD MRRAMIRAFEIC R U CHREBIER 2R 2 L 3 8E S TW3 (Khaksari M et al., 2012; Bao
Hletal, 2016), 7. SFREZRIZB VT, apelin BEGCFERB IR~ T R Tld, HEEHE



RRBEDRELCETHRE S 2 &0, BH B RMNRERMRERIC R 588 kR
(H;0,) FHRAEMIQIEIZxE LT apelin MEZERERTZLEHALNICL TS (Kasai A
etal,2011), & HIZ, apelin i%, ¥R ¥ & OB E B RAMREER AR MILIZI 1 C NMDA
EREEN LN E I UBEEEE I U CR#EERZRT Z &2 (ODonnell LA et al.,
2007; Zeng XJ et al., 2010), FHRMIZDO TR b— X &Ml 5 Z & (Khaksari M et al., 2012;
Zeng XJ et al., 2010; Cook DR et al., 2011) BAEINTWVWD, ZD X H iz, apelin 1T, RN
FAZEIZ L CREBERAEZETHILAREINTEY, BNETE U 5 EEHR S ML %
M CTXDFREMENRE L LN,

ATFFETIL. REAEIRERIE L LT apelin DFRAEZHALMNTTEEMT, <X EHN
THRIRIC 5513 5 apelivAPT &/ X 7 5 DA B #5 X ORI S AIITEIZA 5 apelin
FEERCON TR LT,



FI1E JEICH S MR AR FEIZ 5T 5 PR apelin DS

THETIZ, BAEHOBEEIZS T apeli/AP) ¥ 2T A, MEWRICBE ST 5L RF A
ThHDHZEPHALNTIN TSN (Kasai A et al., 2008; Sakimoto S et al., 2012), FfkDHE
MRIZ 331} % apeli/APY ¥ 27 ADEBPHEZIZ OV TIZHA LT ERTOVARY, ik Tl
7o & 912, apelin IXRREIEMAE2ET5 Z & (O’Donnell LA et al., 2007; Kasai A et al., 2011;
Khaksari M et al., 2012; Yang Y et al., 2014) R, apelin B FE# KRB IR -~ T 2Tl g
WHEWRIE U X7 23 LR T 2MREMRBO— D> Th B MR RELEDREEITIZ
5 ETRMR OB - BHERMEE TS Z & (Kasai Aetal,2011) BRBEELTNBEZ L
26, FEIZBWTHHRRENRRBEZ R LW IAEENSE X N5,

Bolt. BARANRERES I 2000 £~2002 EI2{T-o m KEEHREE EBRAFT 1) KBV
T, 40U LD HRANCBIT RABOEREI5.0%TH Y, FHEIFER L & bloEm
LTWBZ EHRME SN TS (Iwase A et al,, 2004; Yamamoto T et al., 2005), —F7. INE I
BRI OB E S H D Z & (Harwerth RS et al., 2008) <0, i~ 7 2 DR
Ty I b R 7 OBRNEEMET 2 Z 212X 0 MBE R a0 o MEF5 23 88 m
9% Z & (Takihara Y et al,, 2015), 8 X URHBISE DX TRA BN S Z L (Chrysostomou
Vetal, 2016) BSBAL DT EINTWND, TNHD T LMD, JERT ALY KBIEHRR E IR 2% B
BL. RABRBET 2ARENSBELOND, AETIE, R~ Y XR0OMBEICENT
apeli/APY ' 27 APRRERNREEIZE T 20EPEHOTT 720, IEITHES 8
AR Hi M B E 1 )3 B MR apelin DB SV TR 2T 7,



LBk

1-1. B%

CS7BL/6N % % BT RIC b0 apelin-KO =7 & (Kidoya H. et al., 2008) & Z D ¥4l
(WT) v~ U ZRZERIZAWE:, < URiE, BAF—Y 24X17X12cm) TREL., =iE : 22
T1°C, FREARFH : 1 B 12 K (7:00 - 19:00) DERFRAT, HLAKE HBICERS R,
F~vURLLT2 r AlDO~ Y X%, EfivU R L LT 12-18 ¥y AkDO~ T A EH W,
BYERROFAET., EREITNCIAREZSOBHERCETIHHCE S, BHEX
FOBMERICET HHREIIEVER Lz,

1-2. DNA #id & B FR oY E

BETEAEMAO DNA iF, ~VAORPLHEBRLEOEL VM LA, 2 uL Ohik%
50 uL. @ 50 mM NaOH & 2R T 30 oA ERIS & &, 5.5 uL @ 1 M Tris-HCI (pH 8.0) #%
THFI LT, 4°CT 10,000 rpm, 5 sy DELIC LY REMBESZ LR S, BE2 oL %
DNA ¥ 7V & LTz, PCR RSRAIEIZ 1L, KOD FX (TOYOBO; Osaka, Japan) % 8 L,KOD
FX 0.05 pL. 2XPCR buffer 5 uL, 0.5 pM primers % 1 pL. 2 mM dNTP 1 pL. deionized-distilled
H,0 (ddH,;0) 1.55 yL DGR T, 98 CT10#, 703CT 1208 % 1A 702 L, 30 %1
I MToTe, PCR G TH., ¥ 7N % ethidium bromide (Sigma-Aldrich; St. Louis, MO,
USA) 8F 1.0% THu—2 5 vEHCEXRIKEI £4T\, UV Transilluminator (UVP;
Upland, USA) TRk LT, &7 T A ~—DEFiL Table 1 iIZR L7,

Table 1. Primer pairs for mouse genotyping analysis

Gene Sequence
Apelin-F 5°- GCA GGA GGA AAT TTC GCA GAC AGC -3’
Apelin-R ‘ 5’- ACC GGC ACC GGG AGG GCA CTT -3’
Neo-F 5’- ATC TCC TGT CAT CTC ACC TTG CTC CT -3’
Neo-R 5’- CCA AGC TCT TCA GCA ATA TCA CGG GTA G -3’




1-3. SRR LYtk

VU A% S0mg/mL $KZ 7T (500 mghkg~ U AEHE) THEENEEGIT LY BREME,
FELEN AR KA ER U CBLML S8, $ T Zinc fixative (BD Pharmingen; San Diego,
CA, USA) CTHERBEIE 21T -7, IRERZHH L. Zinc fixative (BD Pharmingen) T—HBriZiEE
EEAT27ct, NI T7 4V EEETV, 378 b—21ZXY 5um D5 7 1 VU L8
Lico 8T 7 4 8 Fr & xylene TR T 7t /. ethanol 35 & UVKEAIZ & 0 AFifk L7z,
0.05% Tween-20 % & ¢¢ Tris-EDTA buffer (pH 9.0) # T A7 27 =—7 (500 W, 20 2
2 & B HURIRTE (LA 21T 5 72, 0.1% Triton X-100 % & » tris-buffered saline (TBS-T, pH 7.4)
THFHE, BIR T30 5B 7 2 v 7 %777 (Blocking buffer : 0.5% skim milk in 0.5%
TBS-T), £ D% . 1RHLIK [rabbit anti-APJ polyclonal antibody (Kasai A et al., 2011), mouse
anti-Brn-3a monoclonal antibody (Santa Cruz Biotechnology; Santa Cruz, CA, USA). goat
anti-Choline Acetyltransferase (ChAT) antibody (Chemicon Europe Ltd; UK) ¥ X ' mouse
anti-Cellular retinaldehyde-binding protein (CRALBP) monoclonal antibody (Abcam, Cambridge,
MA, USA)] # 4CT—MRix S ¥, ZRHIHE [Alexa 568-conjugated anti-rabbit IgG
(Molecular Probes Life Technologies; Eugene, OR, USA), biotinylated anti-mouse IgG (DAKO;
Carpinteria, CA, USA) 33 & U* CF™ 488A-conjugated donkey anti-goat IgG (Biotium; Hayward,
CA,USA)] Z=iRT | BRIRUE S &, 2 F bk 2 RiH 4 % 729, streptavidin-FITC (BD
Biosciences, San Diego, CA, USA) # =R T 1 KM Xi & ¥ 72, Fluoromount (Diagnostic
BioSystems; Pleasanton, CA, USA) Z WV THA L, #HLHME (AZ-100M, NIKON; Tokyo,
Japan) CHE L7,

1-4. FEFERIREYT

VU RERBE, E0ED»DARKEKEER L TN S, $ T Zinc fixative (BD
Biosciences) CYEBEEE &1T o7z, IRERZHH L. Zinc fixative T—BRIZHERE E 217 - 7-14.
NI T4 BBETo, 378 b—ARREY Suym DRSS 7 4 VEIF RER L, 57
4 8% xylene THL/XT 7 4 %%, ethanol 3 & UVKEAIIZ & ¥ AFME L, hematoxylin
(Millipore; Bedford, MA, USA) ¥ T 10 5B EUS S8, KB K T 10 45 FEIBE#1% . 0.1% eosin
Y ethanol #E T 3 43 BRI & ¥ 7, Ethanol, xylene 2 & % %% . Sofimount (Wako; Osaka,
Japan) IZX D EHAZIT oMz, RERPRIZH ZRHBRIFER 2 51e 4 Y1 ORBBEHREH
J& O hematoxylin G DO FHEE, Bikd iz OMEBHREMEE L L,



1-5. Electroretinography (ERG)

12 BRI RIS S W7~ v A R RARET T CRMBME, I FUL P (FaEBIF S
mg/mL, 7 ==V7 Y EMIE 5 mg/ml 2XBIK; Osaka, Japan) #HBE L., BEIET,
TDH, X)X (AXTTTubAr Amygml BREIK) AR L. AERE K
Belilz, 2% 7 LU XBIEHER (Mayo; Nagoya, Japan), REEEME (Mayo) 36 L UHEHIE
B (Mayo) ZZhEh~ Y ADOAERE, ANB I TRIRICES L, %K F—2a (IawH
SR ICHIBEERE, Mayo) W TR F A4 — K (LED) I X B HAEE1T -7, SeHiit,
LED &8 (LS-100, Mayo) 12L&V 3.0X10° cd-s/m®> DS, WFTBREEN (Scotopic
HIERRORSS L OMEFHLE X, Powerlab 57— & [N « TS X7 A (AD
Instruments; Mountain View, CA, USA) % B\ TfT-o 7=, BB OBRELZ X 3 EIBET #8518
B ERRFF< Y b BWT-100, /SA A4 Y Y —F & > & —; Nagoya, Japan) % 5k F—
LPNIZRE L TRHIEZITo%, ¥£72, STR OEEKIT, R—RFA4 VU PLERE—2 £ T
DEZEHHETEZLICXVITok,

S
£
(]
©
2
£
£
<
200 400
Ei5 il Time after flash (ms)




1-6. Real-time reverse transcription-polymerase chain reaction (RT-PCR) £

v U AR FEHEDLE%, $BEL BB L, B 5 RNA later® solution (Thermo Fisher Scientific;
Waltham, USA) {Zi#{& L7, SV Total RNA Isolation System (Promega, Madison, WI, USA) %
VT, RBIED D total RNA ZHlH L7z, Total RNA 2AEERIEIZ LV EREL, BEAT
1 ug RNABB pLIZR B X HIZHR LT, TZIZ01gL DT U F LTI A <— (dN6), 5X
Ist strand buffer, 0.1 MDTT, 5mM dNTP %4 2uL, 4pL. 2uL, 2uL MXBA LT, &5
(2. 200 U/uL M-MLYV Reverse Transcriptase (Invitrogen; Carlsbad, CA, USA), 40 U/pL RNase
inhibitor (TOYOBO) %4 1 pL. 0.2 uL il X, #E 20 pL O KSEF CHEER G E2ITo 72,

Real-time RT-PCR i3, W EERKISEN % BE K T 20 AR L%, FRK 2 1L 2 AV
5B T, Thermal Cycle Dice® Real Time System (Takara; Ohtsu, Japan) % FiV>T4T -7z, PCR
RSEAZKIZIZ, THUNDERBIRD™ SYBR® gPCR Mix (TOYOBO) % {# /i L, THUNDERBIRD™
SYBR® qPCR Mix 5 pL. 0.5 uM primers %% 1 pL. ddH,0 1 pL ORISR T, 95°C10 B, 60°C
20 B, 72°C20 B ORIG%E 40 ¥ 7 VATV, % D1 Dissociation curve analysis 12 & 0 Tm &
YT L. PCR EMDBBE—TH5HZ L &M L7, ¥/, housekeeping gene & LT,
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) % VT, ¥ 7/ 0OE5 & DIE#E
{L&1ToTca £774 Bl Table 2 JTR LI,

Table 2. Primer pairs for real-time RT-PCR analysis
i i  — - ——— —________———— - |
Gene Sequence

GAPDH-F 5’- CTC ATG ACC ACA GTC CAT GC -3’

GAPDH-R 5’- CAC ATT GGG GGT AGG AAC AC -3’
Apelin-F 5’- GTT GCA GCA TGA ATC TGA GG -3’
Apelin-R 5°- CTG CTT TAG AAA GGC ATG GG -3’

e _________— -

1-7. GEEtFERIFRYT

FEHAENTIE student’s t-test E 721X two-way ANOVA % 4TV>, post hoc test & LT,
Tukey-Kramer test #1727z, £z, p<0.05 2 EEEZHV & L1,



HERFER

1-1, $BIRIZIT 5 apelin 38 & U AP DRIFENT

I COIZ, gk~ U ORI T 5 apelin DREBMIREFA LM T D2, WITwU R
B L W apelin-KO = 7 R DRI 7% AT, apelin DREMBILFEREEITo T2, T O
R, WT ¥ 7 XOR@IEICS W TRIEMEHIAIIEE (GCL, ganglion cell layer) 3 X O'PWERLE
(INL, inner nuclear layer) DOHIRAIZ apelin DFEIN A iz (Figure 1A, left panel), —55 .,
apelin-KO = U X DK TiX Z OBEERINII A b ieh- 7z (Figure 1A, right panel), & 512,
WT = U ADOIRKGA 2 HNT, EFRGZ 7Y 7HRO Miller MilRD~—T—Th 5
CRALBP & apelin O “EHRHHEYLE LT o 2R, apelin DFEELiX CRALBP BiEHEIC
A Bz (Figure 1B),

Apelin-KO

Figure 1. Apelin expression in the retinas of adult mice

(A) Representative pictures show an immunohistochemistry of apelin in retinal sections from WT
mice and apelin-KO mice. GCL, ganglion cell layer; INL, inner nuclear layer. (B) Representative
pictures show double immunofluorescence of apelin (red) and CRALBP (green) in retinal
sections from WT mice. The bar indicates 50 pm.



WIZ. apelin DIEEMMIREZRET 57D, WT U AR F ZHNT, MIEICBIT5
apelin 254 AP DREBLEMEHT LIz, ZORER. GCL B LV INL ORRIZ AP BRtERR D3
b ivie (Figure 2A-C, left panel), X 51T, HFBEMBRHMRO~—I—TH5 Bm-3a, 7
7Y UMD~ — A1 —Téh 5 ChAT. LU Milller HifdD~—%—T# 5 CRALBP & APJ
DEREREEIT 0T, ZORME. GCL ® Brn-3 BHMIIZ, GCL 3L 8 INL ® ChAT
BtEMIIC. & HiZ. INL ® CRALBP BHEMIIC APY (RIS S BIER Sz (Figure 2A-C,
right panel),

A

Figure 2. APJ expression in the retinas of WT adult mice

(A-C) Representative pictures show double immunofluorescence of APJ (red) and Brn-3a (A),
ChAT (B) or CRALBP (C) (each green) in retinal sections from WT mice. Arrowheads indicate
double positive cells. GCL, ganglion cell layer; INL, inner nuclear layer. The bar indicates 50
pm.



1-2. JNERIZFE 5 MBIRIZ IS 1T B apelin 33 X OV APY DFHAE/L

I, IERIZEEORBIED apelin 38 L 8 APY REUC BB H DN IDEPEHLMTT D
. 2y Al CER) BEO 1218 7 Al (28) O< v AOBBICET B apelin 3 LT
APJ mRNA $#31% real-time RT-PCRIEIZ X W #E L7z, T OFERE. B~ v R0OMBEIZEB T
% apelin mRNA B, FHi~U X LB L TEEIET LTV (Figure 3A), —F., #
i~ U ADOMIRIZISIT D APJ mRNA B, HEiv VAL HBRLTHEICLERE LTV

(Figure 3B),

A B
@ 1.5 A ° 15 .
> = =
DE I 3 €
<D 1 1 1 = =210 1
zZ > < >
©s g8
c 805 - = ES 54
Y ‘ -— ES
g <

0 - 0 -

Young Old Young Old

Figure 3. Effect of aging on apelin and APJ expression in retinas of mice
Apelin and APJ expression levels in the retinas of WT mice were examined by real-time
RT-PCR (n = 12). Data represent mean = SEM. **p < 0.01 vs. Young,
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1-3. i~ 7 R 2B 2 EESREMEE OB IZxT 5 apelin KIEDEE

R IR A 5 R RR B RIREL DB 1543 5 N HE apelin D E L O T D
B, EED apelin-KO vV A EZHAWTKRE Lz, ZOR, EHEO apelin-KO <= 7 X D
MHREMMEEIT. WT v R LB L TERXA DR NS, —F, BRO WT V2B X
O apelin-KO < U X OAREMREHMIREIL, BRHO VR LB L THFRIZEL LT\,
FE 7o, ElED apelin-KO = 7 2 DOEEMHRE ML, ZHO WT U X LB LTERR

B B3 H bIIE,
o Owr
8y 120 1 Bl Apelin-KO
~ £ *k
Q *, tt
O 2 80 -
5 3
a_, >
25 w0
2%
28 o
-

Young

o

Figure 4. Apelin deficiency accelerates age-related loss of retinal ganglion cells in mice.
The number of cells in ganglion cell layer was counted in HE-stained retinal sections from WT
old mice and apelin-KO old mice (n = 3). Data represent mean + SEM. **p < 0.01 vs. Young,

T1p <0.01 vs. WT.
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1-4. i~ U 21261T 5 MEERAE AR O XEHBISZE T ICx 3 3 apelin KIBOEE

KRB L Y BE SN D STR i3, MEHREMIE ORISR OB TH D Z &M
O TS (Saszik SM et al,, 2002), Z Z C, JIERIZAE 5 SBIECRE AR AR O YL HIBL S D
BEHLNICT DD, B~ U RICBITH STR 2@ Lz, TORKE., B~ R &
B LT, Eilii~ U RICBIiT 5 STR OIRIBIIET LT\ (Figure SA and B), #Z T, i
B AR O R R E MR O YE RIS E D& T IZ84 5 PNEM: apelin DEEZH LT3
7o, EEDO WT v U 2B X Wapelin-KO v 7 2D STR 2k Lz, ZORKE, E#DO WT
<R LB LT B apelin-KO ~ 7 R 2RI} 5 STR ITEHITET L TWi= (Figure 5A
and B),

A B
0.15 - —WT young Lwr
-=Apelin-KO young B Apelin-KO
0.1 1 5
—WT old o
0.05 - —Apelin-KO old

Ampilitude (mV)

0 — 1t
-0.05 1 200 400 600
-0.1 ¢ Time after flash (ms) Young Oid

Figure 5. Effect of apelin deficiency on decrease in the STR in the electroretinogram in
aged mice

(A) Representative waveforms show the STR derived from WT mice and apelin-KO mice
stimulated with 1.0 x 10-° c¢d-s/m> (B) The amplitudes of the STR in WT mice and apelin-KO
mice were quantified by measuring from the baseline to the maximum peak (n = 4-8). Data
represent mean + SEM. **p < 0.01 vs. Young, ¥1p <0.01 vs. WT.
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BE

KBFRICBV T, B~ U 2 ORBEAEETHRB OB &ERBSE DR TR A b,
IO DHERIL, apelinkKO v U RIZBWTHZIZAH b7z (Figure 4 and 5), F7z, M
RREMIARIZ AP OFBBB AL B, API DY H 2 R THD apelin DI ITMENHENZELL
{EF LTz (Figure 2 and 3), 24 & OFERIT, WEME apelin 23 BB EMMRIIZR L TR
BURBEERIELTHNBZLE2RB LTV,

—J5 . B D apelin-KO ¥ 7 X DREEE TH b 1L 7= AR S IR OB & SERIBRE D
BT, HED apelinkKO v U A ClIA b o 7z (Figare 4), “HETOHREND, M
BRTFRESREIN T (BDNF) BT 2~T R RAS T~V 2T, MEICH 5 SRIBILSE
PET LTS Z & (Chrysostomou V et al.,, 2016) <°, ##R{REMEM 284 5 R
W (VEGF) OHhfniifk % M@ Haic RET 2 L BEGRESMIRENEI &R Sh b
Z & (Nishijima K et al,, 2007) BB LI NTWD, ZNHDOZ Lk, WECHREER
FORMER R R MDA RH AL R T L 2R L TRBY , MERZFES apelin
DRPD DS, I X 5 BES RS HEREOFRRO—>ThHAEENEZ b 5,

iz, B~ U AOMBEEICEW T, BEARSAREOBA ML T, BEERICRIT
% STR DIET B H bz (Figure 5), STR i, #5572 MHIEIC & v B S h 2 BRI
DRETHY . FENBIINLET S GCL OMBERETHDZ L B¥mbh T3 (Saszik SM
et al,, 2002), GCLIZTFET HMEMM L LT, MEEMRETMRIS K OB &AL
LTl =a— & LTHET S T=7) CHRAHONTEY . BIEDOHENS,
FRARIC BT 2 RS REMREIZIE, 7<27 U CHROBENEET D mTREEI R X
T3 (Pang JJ et al., 2015; Casola C et al., 2016; Akopian A et al., 2016), ZABFFEIZIBUT,
MR RE IR & 7~ 2 U U HIBRIC AP OFEEN A B (Figure 2B). MNENCHE S STR O
DX, apelin-KO = 7 R W THRIZH BTz (Figure 5), i b DFERIL, apelin/APT &
2T AR HREMRIL L OT <2 ) CHIRICH U CTREERZAE TS a2 R L
TEY., FRNEERIEL LTO apelin OFHELZ2XETILDOTH B,

AEIZBW T, MEREEOREEED apelin BESZERICIK T 5 Z & (Figure 3A) L0
I LTZH, TOBBIZONWTIEITATH D, —F, SERBRILEREORHER L V. apelin X
Miiller FRIZBEMER RS2 7R L7z (Figure 1B), ZDORERIZ. UFTICHBEINLTWE T v M
fEE SRS E Miiller IR apelin BB A SR fERE —HK LT3 (Wang XL et al.,
2012), Muller #Mk2I, MERNEONEIED b BIMNE DRMIARE I TR 2T &
SITHFETHMERRAR 7V THRTHY . Bx ORBRERFSTIVINAIR Y
¥ —=THDITNVEFF L DEEEZNL T, HEEMREHMARE-CHMAROAFERICEE 2%
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Bz 5 Z LAHE I TVWA (Rattner A et al., 2005; Joly S et al., 2007; Unterlauft JD et al.,
2012), ¥/, E#T ZH¥ Miller A TIIINZ FFUEAREMET LTS = L SHE
SN TS (Paasche G et al., 1998), ZHHDZ &b, MERIZFE D $BED apelin BEET
iX. Miller MRRDOBEBETICL VBB ShTRESE X OB,

AFFICIBN T, WEFREME, 7~ 27 U R L O Miller #If2IZ AP] DRENH
Hiv, NEICAEOBIERRET IR OB B L ONSTR DIET 234 b/~ (Figure 4 and 5), =
WO DRERDP D, MENZHEOHBIED APTmRNA OFEBUIK T 5 Z L B FHRENT2, API
DFEBIL, ZE~ U AOBEEIZBWTERIZ EE LTV (Figure 3B), ABLOBFITR
HTHDH, YH FTHS apelin ORBUETIZL B AP ZHFEDT v 7L Falb—T g
V. BBV, IS Miuller MFEO 7Y F—3 21 X B Miiller MR OHFEICEF T 3
2% LIZ2v> (Bringmann A et al., 2001),

U LEDORERE Y| apeli/APY & 27 Atk MBEEEERETMHIRICA U CREMREE 2R L
TWDRTEEMEASRIR &, REEMRETMIRELR 2 O 2 RNEOBFEN L LTHERATH
DAREMNREZ Dz, £Z T, § 2 BT, BRNETFTLE LTHASh TV SR
I FEETRE TN & AT RS IR SE 1 5 PRIE I apelin OREIERIC DUV TRET
Z1To 7,
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28 MEELEERIC X MR ERISEIC R T 5 NEH apelin DRH#
1EH

EEDOEFREN L. MNERIZISW CEREFHIROYMENIRE LML L CTRE S Z
& (Amerasinghe N et al., 2008) °. MEEEFEARB/ MEISBRANEERTRBICENL > TEL S
Z & (Kawasaki R et al., 2013) 2385 S, BNERE~ORBEROBESIRBREINTVNS,
IRERE (=REME-IRE) OETIZ. EERMLCHES BEREZEALTI b ary RITH
THEMBRREEZRESE, BERA MU REFERBITZ & CHEMEEHMRELFRTS
LEZLNTEY., EE, ZEEFEICRBW\T, BAROLEEEREZE TS FiY -1
DT ENREC, —BERREC X 2BERENLAEEZIT &, EHRALEOMRIET &
MR IR FE Sh D Z L BARE S T3 (Cioffi GA et al., 1995; Lau J et al.,
2006; Junk AK et al,, 2002), ZNDHD T &2 b, RAREICK T 5 EEAREMRE L, 8
PR BT ASEE 53 5 FTREMEDS RIR S h B,

B 1 FITRW T, PR apelin A3, I0ERI A S MBBRE SRR O BLd% - 250123 LTl
EREBETHZ LEHLMT L, E£/z, apelin iX, BELFERIC LV ER IS HE5
RRFEZxt U CREER 2R 2 L B3 e S T3 (Khaksari M et al., 2012; Yang Y et al.,
2014); TNHDZ ED D, apelin 13, MEEMIC L D FR S h D BEAREMEZEIC L
TRECEAZRTAREENEZDNS,

ZITAETIR, —@ESREICL VS EEZ S5 WBEE L EFERIC X 5 Bk
ARRZELZ 9 5 PNERHE apelin DRFBIERIZOWTHRET LT,
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EBRIGIE
2-1. By

1-1. 1T 5,

2-2. DNA flitH & B F R OHIE

1-2. IT¥EF S,

2-3. MBI I FEER T

U A% 50 mg/mL K7 17—/ (500 mghkg ¥ U AKE) CHEENEEIC LD HREEL
Teo BRBHMC X DHIBETEBFIET 5720, BEEFF~ Y b BWT-100, NA F Y Y —F &>
Z—) ERAWTEROERFEEITo>, T FYUP(PaEHI R S5mgml, 7==L7 Vv
HBERE 5 mg/mL 2RI ORBRICLVEBESE, ) FI—V (XTI Tubfr 4
mg/mL BREE) ORRIC LY ABRREHREETT oz, £EBEKOASTAFNY 7%
FOKER T ADRIKEY 1355 cm OBIIZRBEHIECHEY FFTBE, Ay 7
Fa—7 %S UTERE L 33 G OIEHEH (GHESUERT; Shizuoka, Japan) %~ ¥ R DRTIRE
N~ L, RTEREEAIC 100 mmHg D% 60 2y FIAR L. MEEM % HiE S ¥z, 6045
PIATR., EHH LR EERR L B S E iz, FRBRTFHOEDIz/ 7 (JA7n
P 3mg/mL BB RIE; Tokyo, Japan) % R L7z,

2-4. T IERNEE

SUAEBREE. I RV VP (b A I R Smgml, 7 ==17 Y UEEE Smgml 3
REEE) % /R L B S8 7=, TNF-a FF0HE (1 pg/eye, Cell Signaling Technology; Danvers,
MA, USA) O FHENEEIX, S-uL v~ 7 a3V oY (EHE 33 G HERE AV
THToTe, WHRBETFHOLDIZ/ 70 (NA7uX¥L 'y 3mgml BAREK) 2ABRL
7
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2-5. HAREAROMENT

1-3. IC¥TB, 7L, BERKIZIX 4% /T FKVAT AT E F (Wako) B\ =,

2-6. Terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) #uf&

VU AZERBEER, REREZMHL, 4% RFHRVLATATE FC—BBEEELZTo 7
B NTT7 4 ABET o, Sum DT T ¢ YR EERL, xylene ThANT 7 ¢ V.
ethanol 38 & UVKIEKIZ & ¥ AKFifk L7z, TUNEL #:1% Apoptosis in situ Detection Kit (Wako)
% FVTAT o 72, Protein Digestion Enzyme 12 & ¥ 37°CC 15 [ & > /X7 B RMB 21TV,
YEi§14 | terminal deoxynucleotidyl transferase (TdT) % 37°C T 15 AWK/ & & .DNA @ 3-OH
Kz 7 VA VA -dUTP THEERS L 72, 3% Hy0, BIKIZ & W WA~ VA 3% & % —F POD
DAELZAITV POD F#HL 7 VA L&A Hifk % 37°C T 20 RS & &7z, InmPACT™
DAB (Vector Laboratories, Burlingame, CA, USA) z M\ T 1 47 ® POD-DAB iz & b
POD B HiiEZ il Uiz, PEi#. Methyl green (Dako) 2 & ¥ ktELY % 1FV . ethanol.
xylene (= X 2% #i#%. Softmount (Wako) 12 X ¥ HA%RITo 7%,

& 720 O GCL, INL 3 X OMERLE (ONL, outer nuclear layer) 123313 % TUNEL [tk
T b= AMREEGT. IRERGF O 4 IR OFHEE | BEOEE L,

2-7. Real-time RT-PCR &

1-5. ICHETD, £#7 T A <—BEFiX Table 3 1TR LTz,

Table 3. Primer pairs for real-time RT-PCR analysis

Gene Sequence
GAPDH-F 5°- CTC ATG ACC ACA GTC CAT GC -3’
GAPDH-R 5°- CAC ATT GGG GGT AGG AACAC-3’
TNF-a-F 5’- CGG GGT GAT CGG TCC CCA AAG -3’
TNF-0-R 5’- GGA GGG CGT TGG CGC GCT GG -3’
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2-8. Electroretinography (ERG)

1-4. (CHET B, KRBT, 1.0x107 cd-s/m® DIE ORHIWE 5 BEFET 8 EIFTV, STR %
BIE Lz, E£72. 3.0 cd-s/m?*DIR X O XA % 30 BREIFRE T 2 BTV . a-wave B X () b-wave
ZRESE, awave I, HHBERICHONDIRN—RT A v beA F AR &
IMEE TOBNMOIRIEZ . b-wave IE. a-wave EEZIZA LN B/MEN D 7T AR 5
BAEE TOBMORBLZMET 2 LIz ERELE,

0.7 1 0.6
0.6 3---
S 05 0.4
) A
% Q4 b g 0'2
2 037 g 0 Ba .S AP
T 0.2 - = 160 240
£ o
< 01 4 € -02
< a-wave |b-wave
01 04 )
-0.1 4 200 400 600 _|
Time after flash (ms) -0.6 Time after flash (ms)

2-9. BERHFRIMEHT

TEEHAEMTIX student’s s-test F 721X two-way ANOVA %#1TV, post hoc test & L T,
Tukey-Kramer test ¥ 7213 Dunnett test 21T o7, 72, p<0.05 ZEEEHV & L1,
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2-1. AEMLRE M BRI K 2 MBMCrhiR MIASE O 55 & MBI apelin 35 & UY APT DREZEAL

FCOIC, —@ERIREC X 2 MEE D FERIC X FHE S 3 RS MRFEIC >
WTRE L7z, ZOREER, WT = U RICRBWC, MEIEERLEER 1| B#IZRW CRBERRE
MREBDOBD B H DI, T BETIIE OB BEEFICHA LN (Figure 6A), 7z, FHEE
MmBEFEER 1 B#IZ, GCL. INL 3 X T ONL \Z8\\ T TUNEL BHET R b — 2 a3 8152
N7z (Figure 6B), X &I, MEE MBS 1 B % OMEIZH 1T 5 apelin 38 X Y AP mRNA
F£B1 % real-time RT-PCR ¥&1Z & U f#AT U 745 5 sham AL{E U 72 K8 & Lk U T, apelin mRNA
FBL OB (Figure 6C), AP mRNA D LFEMA (Figure 6D) A& b,

Sham _I/R injury (Day 1)  I/R injury (Day 7) Sham I/R injury (Day 1)

GoL GoL 1 XYY vt
INL A}

vy ¥ ey Yy
ONL{ Nk T R

INL
ONL

(@)
O

N
(8]
’

-
- (8] N
1 " )

Q
o
o

o o
R

Apelin mRNA levels
(Arbitrary Unit)
APJ mRNA levels
(Arbitrary Unit)

o

Sham I/IR Sham I/IR

Figure 6. Loss of neuronal cells and alteration of apelin and APJ expression in the
retina following retinal ischemia-reperfusion (I/R) injury

(A) Representative pictures show HE-stained retinal sections from WT mice at 1 day and 7
days after retinal ischemia-reperfusion injury or sham operation. GCL, ganglion cell layer;
INL, inner nuclear layer; ONL, outer nuclear layer. The bar indicates 50 um. (B)
Representative pictures show TUNEL-stained retinal sections from WT mice at 1 day after
retinal ischemia-reperfusion injury. Arrowheads indicate TUNEL positive cells. The bar
indicates 50 pm. (C and D) Levels of apelin (C) and APJ (D) mRNA in the retinas at 24
hours after ischemia-reperfusion injury or sham operation were examined by
real-time-RT-PCR. Data represent mean + SEM.
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2-2. FEREHE M FEENR I X 2 MBI RMARSEIZ x4 B apelin RIBOEE

AT | AR i PR IS . 2 MBI AR M RRSELZ 9 5 apelin KIBDOFEIZSWTH LT
F 278, apelin-KO vV A &AW TRAZ1T 57z, Sham ABIL, MBRELHEEHIREIZE
Bh 52720 o7 (Figure 7A), F7z. sham L& L7z apelin-KO = 7 2 DAL
. WIT = DR EHB L TEIAONRM- T (Figure TA). —7F, MR MERER 1 6%
BITT BED apelin-KO ¥ 7 2 DHEETIL, WT = 7R & ik U CREEM RS MK OE
BERBAOBH LT (Figure TA), F 7z, MER MEER 1 B %0 apelinkKO < 7 2D GCL,
INL 8L ONL iIZBIF 57 R b= AL, WT <D R LHBLTHEML T\
(Figure 7B-D),

A 2o 1 wr
@ .
e B Apelin-KO
O % * %k
O E
b~ g **,TT T
o 0 .
5 = | **
.g S
(=]
5
o
Q | |
Normal Sham Day1 Day?7
o 3 2501 ; 4 450 + o y 300
Z @ 200- 5= 535
= = £ 3004 = £ 200~
6 o 150~ 5 0 5 o
5 T 5 8 T 58
Ke} ® 100 J— e} ® _l_ﬁ e} 1
ES Ez 1504 | | E 2 1004 |-
cE= c°® c= 4
28 °7 24 28
0 ' 0 ' (o —
WT KO WT KO WT KO

Figure 7. Apelin deficiency facilitates retinal neuronal cell death induced by retinal
ischemia-reperfusion (I/R) injury in mice.

(A) The numbers of cells in GCL were counted in HE-stained retinal sections from WT mice
and apelin-KO mice at 1 day and 7 days following ischemia-reperfusion injury (n = 4-5).
(B-D) The numbers of TUNEL positive cells were counted in GCL (B), INL (C) and ONL (D)
in retinal sections from WT mice and apelin-KO mice at 24 hours following retinal
ischemia-reperfusion injury (n = 4-5). GCL, ganglion cell layer; INL, inner nuclear layer;
ONL, outer nuclear layer. Data represent mean + SEM. **p < 0.01 vs. Sham, tp < 0.05 and
1p <0.01 vs. WT
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2-3. MR M BEREERIC & 2 IR O YRR DR T2k 5 apelin K18 D5

RIT, MR OKRBUSE IR 5 MBIRE L FEROLBZRA L2 T B, JRREE
BEEZHWT, EEELFEREO~ Y RAOBEERZHE Lz, TOKE, AEEDE#E
¥t 1 HEOMEB Tid, sham A& L 7= L LB LT, GCL Mk STR. ONL MRk
D a-wave 3 KX U INL M@ 13K D b-wave DIRIBDIE TR A Hh 7z (Figure 8A and 8B), Z @
MRS i BRI & 2 MR OO LR S BE T Ixh4 5 apelin RIBOFELZHALIMNTT B
. apelin-KO = 7 2 & R THT 21T o7z, Sham L& L 7= apelin-KO <~V A Tik, WT =
VALHE LT, a-wave DIRIBICAEBERIETRL HN72H (Figure 8D), STR 33 & U} b-wave
DIFIBIZIXIE & A EEIZ R BN > Tz (Figure 8C and E), —J5, MBEMEER 1 HE D
apelin-KO =7 2 TlX, WT <=V R LB L T, STR. a-wave ¥ X O b-wave DZBA 2K F A3
FH iz (Figure 8C-E),

— WT Sham ~—— WT Sham
A -~ Apelin-KO Sham B ~ Apelin-KO Sham
0.6 1 — WTIR 0.6 1 — WT IR
i — Apelin-KO IR — Apelin-KO I/R
0.4
0.4 1
0.2

Amplitude (mV)
o
N
Amplitude (mV)
o

0 ® -0.2
20 04 1 Time after flash (ms)
0.2 Time after flash (ms) 06
c D E
0.75- Lwr 0.5 Qwr 1-
N.s. B Apelin-KO B Apelin-KO
= m—— S 0.4- S
E E T E 0.75
o © 0341 @
; §0% § o5
g 502 202
< < 0.11 < 0.251
- T O " 1 o 0-
Sham IIR Sham IR

Figure 8. Effect of apelin deficiency on décrease in the STR, a-wave and b-wave in mice after
retinal ischemia-reperfusion (I/R) injury

(A) Representative waveforms show STR amplitudes elicited by 1.0 x 10~ cd-s/m? in the eyes of
WT mice and apelin-KO mice at 24 hours after ischemia-reperfusion injury or sham operation. (B)
Representative waveforms show a-wave and b-wave amplitudes elicited by 3.0 cd-s/m? in the eyes
of WT mice and apelin-KO mice at 24 hours after ischemia-reperfusion injury or sham operation.
(C-E) The STR (C), a-wave (D) and b-wave (E) amplitudes were quantified in WT mice and
apelin-KO mice 24 hours after retinal ischemia-reperfusion injury or sham operation (n = 4-5).
Data represent mean + SEM. **p < 0.01 vs. Sham, tp < 0.05 and 1{p < 0.01 vs. WT. .
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2-4. AR M EHESEIZ X D TNF-0 23 LH 2% 3 apelin RIBOFE

BRI AR ES, T A I A v DO—D2THD TNF-a LD REShDZ &
B T3 (BiermannJ et al,, 2010; Zhang Y et al., 2015), ¥ 7z, apelin 2SZFEMEY 1 k
AA v DRERIAMHE L4 LT, M LUOCBFRLEEREER Y U CREERZRTI L Xin
Qet al., 2015; Bircan B et al., 2016) 23#&E STV D, £ T, apelin-KO v T A THBNSD
R i PR T & 2 ML IR SE DR IR B TNF-o DEEIZ OV TR E2IT-
2o ET. WT = U XDREMERE M EERIC X 5 MR EMREICN 5 TNF-a OBFEIC
DWTHLNTT 572, TNF-0 PRGUEZ I FHENERE Lz WT ~ U 2 HEEE 5
ZATV, MRS Z R Uiz, 2 ORER, TNF-o FRFEOMTHENR I X
Y | MEREE i B ERTIC & 2 MBS B OB S B Sk (Figure 9A), YRIT,
apelin-KO = U XA DMRIZISIT D TNF-o HBRICHTI2HEROLFEROFEIZONT
real-time RT-PCR &I X VAT L7, £ DFER. sham 48 L 7= apelin-KO <~ 7 2 DRBABIZ
(7 % TNF-o, mRNA #Zii%, WT =DV R LHBL LA EEMBLONRPo, —F,
MR M BERE 1| B O~ XOMIEIZE 1T 5 TNF-a mRNA 1%, sham &AB L~ R & 1
WU TEARRBALARZ LN (Figure 9B), & ¢ TNF-a DFEE _LH %5 PIE M apelin
DEBEHOPICT D7D, MR LFER 21T -7 apelinkO ~ U 2 DMEICEIT 3
TNF-o 363 & T U 72 46 51 . MBI M BB 1 B 1 B 5 MBI 0D TNF-o mRNA 5L,
WT =7 R EHEBELTHRIZER L TWE (Figure 9B),

A B
B 150 - » 409 Owr
it T _ .
3 | 8T 50 W ApeinKO s
S § 100 - <3
8(/) 14 g 20+ ET]
83 s0- 3
EE u < 104
° Z
§ 0 0l —cop—— |
Sham IR
IR -
TNF-aNAb  —

Figure 9. Apelin deficiency accelerates the upregulation of TNF-a expression induced by retinal
ischemia-reperfusion (I/R) injury in the retina.

(A) The numbers of GCL cells were counted in HE-stained retinal sections from WT mice at 24 hours
after ischemia-reperfusion injury 1 hour following an intravitreal injection of saline or TNF-a
neutralizing antibody (NAb) (1 pg). (B) TNF-a expression levels in the retinas of WT mice and
apelin-KO mice at 24 hours following retinal ischemia-reperfusion injury were examined by real-time
RT-PCR (n = 4-5). Data represent mean + SEM. Jp < 0.05, 1ip < 0.01, **p < 0.01 vs. Sham, {p <
0.01 vs. WT.
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=1

AR Tl MR M AR & Y S0 D AR SRR SRS X3 2 IR apelin DFR
BIERIZOWTHLNZT B9, apelin-KO =7 X ZHWT, MBEELFEEREFN2E
B U7, MEBRFEOFEITE L OREERAEDOKER LY., apelinKO v 7 2 TiZ, WIT =7 X
& OB U TR i BRI K 2 MR M SE RS X O BIEISBE T ORER A Sz
(Figure 7 and 8), LA LD Z &5, PNAM: apelin 13, #EBEE M BEERIC & 2 BRI 5E
RO LSRR E N,

MR RIS, SRR EEARAES A LI L EENR AL RE TS D L
BE SN TS (Muller A et al,, 1997; Bonne C et al., 1998; Osborne NN et al., 2004), 7,
MARELHE M FERR I & 5 GCL B LN INL TR 2 BEMEMBEO TR b—vRiE, 7V —F
DAHANAIR P =L D HHl &S5 Z & (Shibuki H et al., 2000) BREEHTN5E, —
¥, apelini%, DEMFERICI VBRI IFEEBIEOELAZHEETSZ LICL VL
HRFEZINHIT D Z & (Zeng XT et al,, 2009), T v b OLEFHHING HIC2 MGz BT 5 KEE R
WE/BBRRATCLIVFTEINDI b2y RYTOR——FFV ROEAZHEETSH Z
& (Pisarenko O et al., 2015) BWESINTWB, Fiz, apelinid, A—r—FF L RV R A
F—ERIILD L THRMICBERBOMN L EEBE L RESED NADPH %25 —¥
BOWEAD % UM T DIEHEBRRREOEA L WA ME+T 52 & (Than A et al,
2014), O, ZBBEIZ XV FHR SN AWM IZT U CTREFBEAZRTZ & (Kasai A et al.,
2011) 72 & BRAEHIR F L RIZ K D FHEN DL OEFICH LT apelin SHHIER2H$
5T EDBEEIBREENTND, AL TIX. apelin-KO < 7 RIZWC, MM i BT
KXV FEEND GCLINL B LTV ONL 1T 2 HBIEMRARRRFE S BN L T\ (Figure 7).
& 6IT, MR EERIZ K 5 MEARMR O ERIBSE O T A, apelin DXRIBIZ L YR
EShic (Figure 8) TN HLDOFERM G, MBI T apelin 13, BLHIR b L2 DOHIH %
I U CRBIER i BRI & 2 MR RIS 1o 0t L CIREBER 2R T ATBetE S R S h e,

ZHIE TIHRAERE OB 7R L OIRBEKICBWCEBED TNF-o BRHERALTHS
Z & (El-Azab MF et al., 2014; Balaiya S et al., 2011) %, BRIl Z £ 5 fEx OMEEEBEE O
TR K CIREKICBIT S TNF-a LU B ER L TW3E Z & (Kovacs K et al., 2015; Jung SH
etal,2014) BRMEIN TS, £, BEROEEREEN INFo XV EEENSZZ &
(Biermann J et al., 2010; Zhang Y et al., 2015) <°, MERER M EERRIC & 0 35HE Sh 5 AR
FMMEFEIL, TNF-0 ZAEEOBETFRBICE VIS &N D Z & (Berger S et al,, 2008) 234 &
hTVs, El, RFRIZBWT, TNF-o PRFUEOHFEPNEEIZ X 0 8BS 5T
(2 & BB RET AR ZEA BIR SNz Z & (Figure 9A) o, HENEEE M B AEWIC X 0 @B D
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TNF-0 mRNA V-V RERIC ER T2 ¢ (Figure 9B) 2L L, TRHDZ Lk,
TNF-a 2SI M B RE B & 2 MR R MR SEIZ B3\ TREEMIZEN O T\ B 2 L 2SR &
3, & HIZ, TNF-a ZEAT % Miller MM EEEOFERIC L VEERLERDZE L
SY et al., 2012) R, MEEEMAEERIC XY FEIN S TNF-o OB _EFiZ, Miller T
H oD Z & (Gesslein Betal, 2010), {KEERBZEICL D T v b Miiller MUK tMC-1 2B\
T TNF-a DEAEBMBEAZbNDZ & (LiSY etal, 2012) BR#E Sh T3, —F ., apeliniZ,
R M FERIC E VFEIND TNF-o 2R EOREWY A "I A L ORBEEIE TSI L1z
X O MRMISE ZME T2 Z ERBE SN TS (Xin Qetal, 2015), ABFRIZIBT,
R Jin FFAE WAL % U 72 apelin-KO = U 2 OMBREIZ 1) 5 TNF-a mRNA L~ULiZ WT < 7
RLHBUTERR EARL BN & (Figure 9B), % 1 E T Miiller #IIZ APT DIEHL
FHHTzZ &b, NEME apelin i3, AR M EFEGIC & 2 @EASRMAE S LTH—F
754 AAERIC XY Miller HIFIZI T 5 TNF-a DFREEMH 2 A U CIREER % R T hetE
BEZ b,

LAEDRER I Y, WEHYE apelin 13, AR D EEREEIC LV 5 EEZ Sh b RNEDR
RREIT 2 HH T & DIRRE L RO WREMES AR S iz, 83 ETIL. apelin AL OEBREF
XV EER S 5B RE MRS L CREBERZETEMENEZHALNICT B9,
NMDA #REWMEMEREETTNEZHANT, JV¥ I VBEBREEILL - T ERBIEND
MR E IR ZE 12 33 B apelin DREBER IOV TRH 21T 7,
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BE3E NMDA FRBEMREHIIRIEIINT3 5 apelin DIREIER

TNE IV, EEAREMEEEE IS LML TEY ., MR
RETDHIINFIVEBEZREL LT, NMDA BZREK, 1A =VvBESAEKBI W
a-amino-3-hydroxy-5-methyl-4-isoxazole-propionate (AMPA) B BIKD 3 DDA F 2 F % R
RSEEE. G FUNIBEHBE L RBRSZEERPER SN TS (Atoji Y. 2015;
Hartveit E et al., 1995), ZDH THHIZ, NMDA BIZ A KL, C? BRBENEVSEETH
DT EBMBNTEY, BRIRI7NVE I VBBIZ LD NMDA BIZAEOREIT, MEN~2
HR CAOMAERBIERI L, INSA U RED CEFMES L HRBER OEMEAL & At
LT, MEMREHRELZHRT S L B8@mbN T3 (Goll DE et al., 2003),

RANEBEOWFENIZBN T, BBEOINVEZ IVBIRHEN TS Z & (Dreyer
EB et al,, 1996; Vorwerk CK et al., 1999) *°, #xAERE OMEE CTIX, MISN I F I VR
EZRAHLTVWEINZIVEB NI VAR—F—D—D2>TH D excitatory amino acid
transporter (EAAT-1) ORBMBEA L TNEZ EBRHE SN TS (Naskar R et al., 2000), &
b2, EAAT-1 RfhD 7NV % I VB b T 2 AR — ¥ —glutamate-aspartate transporter (GLAST)
ERBERLETURTR, EFRETHDICH 10D O PEEMREMRENEH IC8] %
BIENDZ L, BLUZOMIIEN NMDA ZERT L Z T2 MDA F U ORET
LIOVHEENDZ L BHALNIZEN TS (Harada T etal., 2007), —HHDZ A5, BN |
I 61) 2 IR BT MIISEIZ 1X. NMDA BB KZ N L7V F I VBREEENBEES
HEEZONTVWA,

F1EBIOE 2 EZB W T, NKRHE apelin I3RS HKREICS U CREERERT
eI LI, E7e, apelin iX, ¥ BRI BMEMIIZBV T NMDA 25K
TA=ZR M THDHF /Y VBBIZL VBRI N A MEMBEICS U CREBERZRT 2 &8
BESNTVD (O'Donnell LA etal., 2007), ZHHDZ & 235, apelin 1%, NMDA Z %K%
Ll ng I UBBBBRMEIC LY HR SN BEARESEAREC U CRERREZRT
ARt EZ bD,

% ZTAETIE, NMDA FERMEREHREHIEIEICX$ 2 apelin DREIERIC OV TRE
L7z,
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EBRGIE

3-2. DNA #iHi & =7 oH) &

1-2. ¥ 5,

3-3. FIERERE

2-4. IZHET D, NMDA BTNV Z I VSR ET I=X FTH5 NMDA (40 nmol/eye,
Sigma-Aldrich; St. Louis, MO, USA). [Pyr'l-apelin-13 (apelin) (10 or 50 ug/eye, Peptide Institute;
Osaka, Japan), TNF-o $fn5ifk (1 pgleye, Cell Signaling Technology). ML221 (5 nmol/eye,
Tocris Bioscience; Ellisville, MO, USA)., LY294002 (5 nmol/eye, Cell Signaling Technology) 3 &
Y PD98059 (5 nmol/eye, Cell Signaling Technology) %<7 R DRFRI~ 5-uL <1 7 o
VoY (FEFE: 336 FERUER) 2HVWTEE 1 lL BRE L, WRBETOEDIZ)
7a (J7uaXYir 3mgml BEARIEK) 2EERLE,

3-4. FRERFERIFRYT

1-4. Z¥ET B, 7272 L. BEREIKICIX Zinc fixative (BD Pharmingen) % iV 7=,

3-5. TUNEL %62

2-5. IZ¥ET B, 122U, BEEEKRICIE, Zinc fixative (BD Pharmingen) % FHV 7z, b
121X, hematoxylin (Millipore; Bedford, MA, USA) % v 7=,
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3-6. Real-time RT-PCR %

1-6. IZHET B,

3-7. Western blotting

U R % BEMERLFI 5 MBI & BiEE L. B 512 50 uL o lysis buffer (20 mM Tris-HCI pH7.5, 2%
SDS, 10 mM NaF, ImM NazVOy, 100 uM PMSF) (A ., #BFRKIZ L Rk L. 100°CT 10 &
M DOBSLEET o7z, 17,400 x g T 10 RO L, EFEEEB & Uiz, AREHT 5 x Laemmli
buffer (125 mM Tris-HCI, 25% glycerol. 5% SDS. 0.2% bromophenol blue, 10% 2-mercaptoethanol.,
pH7.5) ZMA T 10 ZAALEZITV, BHEZEMSER, 1pg DEAES SDS-RY T
7 YNT I RGNV ERNTERKEN 21TV, immobilion-P transfer membrane (Millipore Corp.,
Bedford, MA, USA) IZE:E L7z, & ® membrane % 1% skim milk & 0.05% Tween-20 %3 ¢p
Tris-buffered saline (TBS; TBS-T) T blocking #%. TBS-T T membrane %% L. —RHE
[rabbit anti-phospho Akt. rabbit anti-Akt, rabbit anti-phospho extracellular signal-regulated kinase
172 (ERK1/2). $ & T* rabbit anti-ERK1/2 antibodies (Cell Signaling Technology)] & Fis &7z
(4°C. overnight), & D, TBS-T T membrane % P& L. ZIRHiME [anti-rabbit IgG HRP-linked
antibody (Cell Signaling Technology)] & s &¥7z (iR, 2 FEfd]), TBS-T THEl L7,
Enhanced Chemi-Luminescence (ECL) #EiC LV BBE /Y K% X 87 1 /v A (Fyjifilm. Co.
Ltd., Tokyo, Japan) (ZfH L 7=,

3-8. Electroretinography

1-5. [CHEP D, eI, 1.0x107 cd-s/m? DI X ORHEH 5 BRI T 8 EfTV. STR %
HE LT,

3-9. WEEHAROENT

2'9- L:ﬁj& é.o
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SIS RS

3-1. NMDA DR FHEN# 512 X 2 B RAIRIEDOFEE L $8E0 apelin 38 L OV API DI
=ik

IET®HIZ. NMDA ZHFHRNERE Lz WT vV ROREREI T 2 /ER L, BEET &
iTo7z. ZOFER. NMDA (40 nmol) DOFENEE 1 B OMBED HE REBI2B8\\ T,
GCL THIREDBABH HiL. 3 HEOHEETIEX 52k LT\ (Figure 13A), 7z,
NMDA DRFENIRE 1 B OMEIZB VT, GCL B L W INL IZ TUNEL Bt 7 R h—3
AHRBBER SNz (Figure 13B), & 512, NMDA (40 nmol) DRYFEANIEE 1 B #% O
IZ31) % apelin 3 & U APJ mRNA FBL#% real-time RT-PCR ¥:1Z X 0 f##7 U 7245 2. apelin 3
X UV APT mRNA FEHROERARIE TR A bz (Figure 13C and D),

Intact NMDA (Day 1) NMDA (Day 3) Saline ~NMDA (Day 1)

C D
2 157 ® 157
> = o=
<5 4 T s5 1 T
== "1 15 = 11T
€S g8 =
c 8 0.5 £35S 0.51 .
< * el
& Ll Wi~ < _ i_
Saline NMDA Saline NMDA

Figure 13. Intravitreal injection of NMDA causes to a loss of neuronal cells and reduces
expression of apelin and APJ in the retina.

(A) Representative pictures show HE-stained retinal sections from non-treated WT mice or WT
mice at 1 day and 3 days after intravitreal injection of NMDA (40 nmol). GCL, ganglion cell layer;
TUNEL-stained retinal sections from WT mice at 1 day after intravitreal injection of saline or
NMDA (40 nmol). Arrowheads indicate TUNEL positive cells. The bar indicates 50 pm. (C and D)
Levels of apelin (C) and APJ (D) mRNA in the retinas at 24 hours after intravitreal injection of
saline or NMDA (40 nmol) were examined by real-time-RT-PCR (n = 5-7). Data represent mean +
SEM. *p <0.05 vs. Saline.
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3-2. NMDA FH5MEEE R MIIRSEIZ %32 apelin RIB DL

RIZ, NMDA DFFHRPNHEEIC L Y FHE S 2 EEMEMESEC x5 NEM apelin @

REERIZOWTHLNZT B2, apelin-KO = 7 22 AW THRE 21To 7, ELBEE
BT 5 apelin-KO = U X DFEBEEHIEIT, WIT~UREHBELTISLALERADNR
o7 (Figure 1A), —J5. NMDA (40 nmol) ZRFHNEE Lz 1 BEB I3 HED
apelin-KO = U A DHMEETIZ, WT <=7 R & ik U CHRBEARGMREOEBEREBONR A
7z (Figure 16A), ¥ 72 . NMDA (40 nmol) ORE-FENEE 1 B % ® apelin-KO <= 7 2D GCL
BXUOINLIZBITAT7THR b=V 2L, WT DR LB L THERICEEM L (Figure
16B and C), & M apelin-KO = 7 2D GCL B LV INLIZEIT 37 F b— MM O ML,
apelin (10 pg) DO FHEN~OFKEEIZ L Y AEICIME Sz (Figure 16D and E),
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Figure 14. Apelin deficiency facilitates
NMDA-induced retinal neuronal cell
death.

(A) The numbers of GCL cells were
counted in HE-stained retinal sections
from WT mice and apelin-KO mice
following an intravitreal injection of
NMDA (40 nmol) or untreated-mice (n =
3-4). (B and C) The numbers of TUNEL
positive cells were counted in GCL (B)
and INL (C) in retinal sections from WT
mice and apelin-KO mice at 1 day
following an intravitreal injection of
NMDA (40 nmol) (n = 5). (D and E) The
numbers of TUNEL positive cells were
counted in GCL (D) and INL (E) in
retinal sections from apelin-KO mice at
1 day following an intravitreal injection
of NMDA (40 nmol) alone or combined
with apelin (10 pg) (n = 3). GCL,
ganglion cell layer; INL, inner nuclear
layer. Data represent mean * SEM.
**p < 0.01 vs. intact, Tp < 0.05 and 11p
<0.01 vs. WT, }p<0.05and }ip<0.01:
vs. NMDA alone.



3-3. NMDA D FENE 5 & 2 HEED YEHIBISZE DK T izxrd 5 apelin KB DREE

RIZ, NMDA DOFETFHNEREIT & 2 RBIED KRB ZHE T2 %9 % AEME apelin DFEE
ZERET L7z, Saline ZiF NS L7 apelin-KO = 7 2D STR OIEMEIZ, WT~T R &1
BLTEIXA DR (Figure 17A and B), —J . NMDA (40 nmol) Z®FENEE L
7z apelin-KO ¥ 7 2 ® STR OEMIL, NMDA 2 FAERNBEE L WT U R & L TE

MR T2 & b7z (Figure 17A and B),

A B
- 0.75-
0.8 , —WT Saline wr
S 061 M KO Saline S M Apelin-KO
g —WT NMDA E 051
g 041 —KO NMDA 8 *
2 =
5 027 S 0.251
£
< 0 AR, i o el <
0.2 400 600 - -
' Time after flash (ms) Saline NMDA

Figure 15. Apelin deficiency facilitates the STR reduction induced by NMDA.

(A) Representative waveforms show STR amplitudes elicited by 1.0 x 10~ cd-s/m? in the eyes of WT
mice and apelin-KO mice at 1 day after intravitreal injection of saline or NMDA (40 nmol). (B) The
STR amplitudes in WT mice and apelin-KO mice at 1 day following an intravitreal injection of saline
or NMDA (40 nmol) were quantified by measuring from the baseline to the maximum peak (n = 3-4).
Data represent mean + SEM. *p < 0.05 and **p < 0.01 vs. saline, tp < 0.05 vs. WT.
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3.4, NMDA 55 3¢ RE R M e 12 %19 5 apelin ORTF PRSI X HIREER

Wiz, NMDA 55 ABICREAiIIISEIC 9 % apelin P HRREORBERANT O
». NMDA & apelin zZz WT < A DR FEN~FR&RE LT Z DFER. NMDA (40 nmol)
ORTF NS X B GCLIZRT 2 MR OB L, apelin (10 E721L 50 ug) DFERRE
Lol sh, ZOERARKENTH T (Figure 14A), %7-. NMDA OfFHN
BEICXVHEEIND GCL BLTINL BFA TR -V AMEES ., apelin DT
Eir kv FRKFACHE Shiz (Figure 14B and C), = apelin DM FHREEIZ X357
4 b3 ZAMEWERE, APY 7Y ¥ T=2 b TH % ML221 (5 nmol) DREEREIC I VIRE
&h7- (Figure 14D and E), F72, GCLIZEW T, NMDA (40 nmol), apelin (10 pg). BIT
ML221 (5 nmol) DFEFFREIZLY FiM s 7 A b— v AT, NMDA B G &t
B U CAZICHN L QWi (Figure 14D),

A Figure 16. Intravitreal administration of
” apelin protects against NMDA-induced
g 125 retinal neuronmal cell death via APJ
%) 2100 receptors.

% % 75 (A) The numbers of GCL cells were
8% s0 counted in HE-stained retinal sections from
E8 WT mice at 1 day following an intravitreal
g 0 administration of saline, NMDA (40 nmol)
NMDA — + + + alone or NMDA (40 nmol) plus apelin 10
Apelin (ug) 0 0 10 50 ’ or 50 pg) (n =3-8). (B and C) The numbers
- of TUNEL positive cells were counted in
B Cc GCL (B) and INL (C) in retinal sections
E o 200 g o 200 from WT mice at 1 day following an
2 <2 150 22 150 % intravitreal administration of NMDA 40
5w ¥ s 5 2 nmol) alone or combined with apelin (10 or
g8 100 g 8 100 # 50 pg) (n=>5-8). (D and E) The numbers of
2E 50 22 50 TUNEL positive cells were counted in GCL
28 g2s (D) and INL (E) in retinal sections from WT
NMDA + + + NMDA -+ + + mice at 1 day following an intravitreal
Apelin(ugy — 10 50 Apelin(ug) — 10 50 administration of NMDA (40 nmol) alone,
D E NMDA (40 nmol) plus apelin (10 ug), with
. . or without ML221 (5 nmot) (n = 3-8). GCL,
% g Zzz 1t % g zzg s ganglion cell layer; INL, inner nuclear
‘% £ 150 l,g £ 150 layer. Data represent mean + SEM. ¥¥p <
83 ¥ B 3 0.01 vs. saline, tp <0.05 and tip <0.01 vs.
g€ o100 g2 NMDA alone, p < 0.05 and }ip < 0.01 vs.
oz % I G 3 50 i NMDA plus apelin.
£ES o £% o
NMDA + + + NMDA  + + +
Apelin  — + + Apelin  — + +
M2t — - + M221 - - +

31



3.5. NMDA DOFSF P 51C & B HE O ERIBUSE DI TIZX 35 apelin DOMHIVEH

Wiz, SRR % FIV T, NMDA BT WSRO WT < U 2 BT HEEER 2R
L. FORE, saline ##5 Lz~ ¥ A0 STR OEIRIL, FLBO~ T R & K LCE
37 bAoA (data not shown), NMDA (40 nmol) DREFHRNEE 1 A BO<TYAT
iX. STR OIEIEOELRE T A b (Figure 15A and B), T NMDA DI FHERNEE

iz k% STR OISO T I, apelin (50 pg) PRRFHREIZ X v HRICHMHE S (Figure 15A
and B),

A B
0.6 1 ~Saline 0.75 7
S
— —NMDA -
> 047 £ o5 [+
= —NMDA + apelin ) ‘
8 oo A 2
202 'S 0.25 -
g :
< 0 1 - . SN y 0
200 400 600 )
0.2 - NMDA -
Time after flash (ms) Apelin -

Figure 17. Intravitreal administration of apelin prevents the STR reduction induced by NMDA.
(A) Representative waveforms show the STR amplitudes elicited by 1.0 x 1073 cd*s/m?* in the eyes of
WT mice at 1 day after intravitreal injection of saline, NMDA (40 nmol) alone or NMDA (40 nmol)
plus apelin (50 pg). (B) The STR amplitudes in WT mice at 1 day following an intravitreal injection of
saline, NMDA (40 nmol) alone or NMDA (40 nmol) plus apelin (50 pg) were quantified by measuring
from the baseline to the maximum peak (n = 3-4). Data represent mean + SEM. **p < 0.01 vs. saline,
tp < 0.05 vs. NMDA alone.
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3-6. NMDA DR FAERNIEEIZ X 21T 5 TNF-a 38 L& 12xH9 5 apelin O##I1EA

NMDA R AEME i MIISE L, SEMEY A P A v D—D2TH 2 TNF-o il LV {RES
NBZ ENPEEIN TS (Lebrun-Julien F et al., 2009), F 72, 55 2 EiZB W T, NEPE apelin
5 TNF-o ORFIHIZ 4 U<, MBEE L EERIC X V5% Sh 2 MR Eimastioxd L
THREEAZRTZEEZHLMILE, 22T, NMDA FHEBEMRHMRZEIZT 5
apelin ORHEVER ~D TNF-a DB EIZOWTHRE Lz, ZO#EE. NMDA (40 nmol) DOFEF
RPN & 5 BRSO X, TNF-o bk (1ug) ORBRESICEIVEE
WPl Sz (Figure 18A), RIZ, MABEIZISIT 5 TNF-o mRNA FEL 2325 NMDA -7
N5 DEE % real-time RT-PCR 1512 & U 84T L72 %R .NMDA O FENZESIZXL Y WT
< 7 2R LW apelin-KO = 7 2 DMBIEIZ 1T 5 TNF-0o mRNA BEROEFRHLR LR BA LT
(Figure 18B), Z ¢ TNF-o mRNA R _EH X, WT v U R LB L T, apelin-KO vV XA TH
BHIZH BTz (Figure 18B), & 512, NMDA (40 nmol) 2 & 5 TNF-a 8 L& 1%, apelin (10
ug) DFEIFFREIC L v FRICHEI S iz (Figure 18C),

A B C
2 1254 25+ 81
8 125 @ Qwr 1 o -
g 100 3 2 2071 I Apelin-KO 8Z 6
OR= <3 <>
55 751 33 151 <
°3 g5 %4
8 ‘6 501 g = 10+ g 2

S < .
2% 251 L 5 £ 2
o - [
= 0- 0- 0

NMDA — + + Saline NMDA NMDA

TNF-a NAb - - + Apelin

Figure 18. Apelin prevents the upregulation of TNF-a expression in the retina induced by
intravitreal injection of NMDA.

(A) The numbers of GCL cells were counted in HE-stained retinal sections obtained from WT
mice at 24 hours after intravitreal injection of saline, NMDA (40 nmol) or NMDA (40 nmol) plus
mouse TNF-o neutralizing antibody (NADb) (1 pg) (n = 3). GCL, ganglion cell layer. (B) TNF-a
expression levels in the retinas of WT mice and apelin-KO mice at 24 hours following an
intravitreal injection of saline or NMDA (40 nmol) were examined by real-time RT-PCR (n =
6-8). (C) TNF-o. expression levels in the retinas of WT mice at 24 hours following an intravitreal
imjection of NMDA (40 nmol) alone or combined with apelin (10 ug) were examined by real-time
RT-PCR (n = 6-8). *p < 0.05 and **p < 0.01 vs. saline, ¥p < 0.05 vs. NMDA alone, {ip < 0.01
vs. WT.
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3-7. NMDA FHH MR MEIEIZ 335 Akt 38 X ERK DOiEME(LZ A L7z apelin DIR#E/E
. _

NMDA 2 X 2 EEMREMBEO 7R b— Rid, MlEFES S Fre LTabid Akt
3 X TVERK1/2 DIEHELIC X W Il S5 Z & (Levkoviteh-Verbin H et al., 2007; Yang X et
al., 2013), F 7z, apelin i¥ Akt 38 X OV ERK1/2 OiFMELEZA L T, EEHRMERICRIT S 7
NVE I VERBRABRMEEI N L TREBEERAZ R T Z LBAHRE SN TWVWS (ODonnell LA
et al., 2007), &I T. NMDA FHFHEMEEMIRMIIEIZHR T 5 apelin DFREEH~D Akt B &
QERK12 V7 FNVDBEEZEKRET 5 HEIT, MED Y Bk Akt (p-Akt) BL OV VEML
ERK1/2 (p-ERK1/2) BIZ%4 % apelin fiFHNE 5 DFEEIZ OV T, western blotting 12 & ¥
fRMT LT, £ OFER. apelin (10 pg) O FEAERE 1 BEREIEZ OBEBIZB W T, p-Akt BXI T
p-ERK12 EOHERBMMBH LN (Figure 19), Z D apelin 52X 5 p-Akt BET
p-ERK1/2 BDOHMIZ, ML221 (5 nmol) DRIRHE 5 LV #ifil S iz (Figure 19),

A B
p-Akt | == — ] p-ERK12 | s e
Akt SN ———%—
0
n © _
@ — 3 i, . 5 *%
E = o = 4 -
35 2 c5
T o 31
<8 we o,
25 1 9%
NS ¥ < 17
0 &3 0
Q.
Apelin = + + Apelin  — + +
ML221 — - + ML221 — - +

Figure 19. Apelin injection into the vitreous body induces the phosphorylation of Akt and
ERK1/2 in the retina.

(A and B) Levels of phosphorylated-Akt (p-Akt) (A) and phosphorylated-ERK 1/2 (p-ERK1/2) (B) in
the retinas of WT mice at 1 hour following an intravitreal injection of saline, apelin (10 pg) or apelin
plus ML221 (5 nmol) were examined by western blotting (n = 5-9). **p < 0.01 vs. saline, tp < 0.05
and T1p < 0.01 vs. apelin alone.
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KIZ, NMDA R BB REHIIRSEIZ3d 2 apelin DIEEMER S Akt 38 L ERK1/2 DiF
HEALENT2PEPERA LT ZHNT, Akt OFFEMLEER TH S PI3 kinase DFEEH|
LY294002 ¥ & U ERK1/2 DiEHE{LEER TH 5 MEK1 DREEA| PD98059 % AV THRET L7z,
Z DFEF. apelin (10 pg) O FHENERS 1 BB #ICH BN 2RO p-Akt 3 X O p-ERK1/2
BOHMIX, LY294002 (5 nmol) F7-i% PD98059 (5 nmol) DR EIZ L v Ehi
(Figure 20A and B), & 512, NMDA i FHAE S | BRIZADND GCLEB X W INL DT R

h— R1Zx9 % apelin OBNHIERA X, LY294002 F 7213 PD98059 DRIEFFEIZ L Y AE &
7z (Figure 20C and D),

pAkt [—— ] P-ERK12 [ oo e ——
At | —_—
' )
3 g 2
2 = * L=
o= N E
2 z2
<8 + we 1
2 51 S5 o5
i< NE
4
0 o0
[«5
Apelin — + + Apelin  — + +
LY294002 — - + PD98059 — - +
- -l
Lilg 200 it %2. 250
B ¢ 150 R g 200
o # 52 150 #
88100 2% 100
Eg Ee
2g 50 2% 50
[) 8. [} 8_
£ 0 £ ]
NMDA + + + + NMDA + +  + 4
Apelin  — + + + Apelin -~ + + +
LY294002 - - + - LY294002 — - + -
PD98059 - - - + PD98059 - - - +

Figure 20, Intravitreal injection of apelin protects against NMDA-induced retinal neuronal cell
death via the activation of Akt and ERK1/2.

(A and B) Levels of p-Akt (A) and p-ERK1/2 (B) in the retinas of WT mice at 1 hour following an
intravitreal injection of saline, apelin (10 pg), apelin plus LY 194002 (5 nmol) or PD98059 (5 nmol)
were examined by western blotting (n = 3-7). (C and D) The numbers of TUNEL positive cells were
counted in GCL (C) and INL (D) in retinal sections from WT mice at 1 day after intravitreal injection
of NMDA (40 nmol) alone, NMDA (40 nmol) plus apelin (10 pg) with or without LY294002 (5 nmol)
or PD98059 (5 nmol) (n =3-8). Data represent mean = SEM. *p < 0.05 vs. saline, p < 0.05 vs.
apelin alone, #p < 0.05 vs. NMDA alone, }1p < 0.01 vs. NMDA plus apelin.
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BE

ARETIE. NMDA ZBEKEZN LIS NF I VBIC & 5 EESREHIAsEE L O STR DR
& DK T Iz xt4 5 NAME apelin K183 & OF apelin DI F ARG DEEIC >V TRE LT,
% DFEFR. NMDA O FHERNEREIC X Y FH%R S/ AR MRS X O STR DIRIEDE
TiX. apelin DXEIT & D {RHE X (Figure 14 and 15), apelin DR FRPIR 512 X v il &
fu7c (Figure 16 and 17), Z O apelin #5512 X 5 NMDA 7 R BB R MIIRSEIZ 0 5 1R #E/E
Ri%. API 72 d=2 b ML221 ORIFHEEIC L 0 Ml S iz (Figure 16D and E), £7-.
NMDA DR-FHEANREIC LV FHE I N MBBEDO TNF-o OFHR_EFIE, RN apelin 8L O
apelin DA 512 L Y #ifill S+ (Figure 18B and C), NMDA 7 3 8B rh % S FE 1
TNF-o FFIGURIC X 0 Ml & iz (Figure 18A), & HIZ, apelin DRSF AN EIZ & 5 8
HIRERFEIMEMIZ. Akt 36 LT ERK1/2 OFEEANC & » Ml &z (Figure 20C and D), =
DFEFR XD | apelin 1Z, NMDA ZEEKEZN Lz 7V F I VBRI X 2 MR MBIEIT 3 L
C TNF-a OFEBR M & O Akt ERK DFEHEZ N U TREBER 2RI Z L RB Sz,

RAEBEOHEFENOINEZ I VBBES EFLTWSZ L (Dreyer EB et al., 1996;
Vorwerk CK etal., 1999) 0, V% I VEEORBEE SRESREMEELE -+ &
(Harada T et al,, 1998) 238R&E SN TV 5, ABFFEIZIBV T, NMDA % THENRE Lic< ¥
A DRIRIZINT apelin 36 X T' AP] mRNA HEESERIEKTTEZ L2 RH L7 (Figure
13Cand D), Z D#ERIT. WFEND SN Z I VBEBEREVRNESA OB T, apelin
BIU AP] ZEEMETLTWDZ L EZRBRLTRY, BAETT LT v b OBEERHE
MMRIZB VT GPCR ORBMET LTS LW I HECEET 5 b D TH B (Wang DY et
al., 2010), & 51T, apelin-KO ¥ 7 2 TiL . NMDA #H MBI R IMERE S S5 = & (Figure
14), BET NMDA BEMEBEIZ L VR I N5 MEMRMREIX, AP 7o ZT=R k&
apelin DEEFIREIC L D BRICEM L2 & (Figure 16D) 55, PIAME apelin iZ NMDA 55
FAAEARE M L CREBIEREZA T ENTRRENDS, ZhbDZ b, 18
a7 Nz I VBB X BHEIED apelin 38 & O APJ BEOE T ASEAREICIS T 5 B MR
HMIRRSEIZBIE LTV B ATREMED E X b b,

NMDA ZHBET U F =R N ThHDI AT F UL, B2 RBENETTAVEMICBNT,
MR R E IR 2 RS 5 Z & (Vorwerk CK et al., 1996; Schuettauf F et al., 2002; Hare WA et
al., 2004; Hare WA etal., 2004) "ESINTRY . BABOF /- RBEEL LTHFEENT
Ele, LALRRG, BRRRICBNT, A= FUidRNBEOREBETICN LTEER
PHRBDRETRTZLEBTERPSTZZ ERHREIN TS (Danesh-Meyer HV., 2011),
NMDA ZXZFRIL, RT3V 722y FOMABSDEORERETHEOIZ L - THERARER
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V. MIRFEED B \VITHIRAETFORFIC@L Z & B 5 T3 (Hardingham GE et al., 2002;

Liu Y etal., 2007), %72, apelin i(XHEHEMELS|EEZ T NR2B V7' 2= v F & NMDA
SREOHIERIET S - L REE SN TS (Cook DR etal, 2011), AFFZEIBOT, A
KPR KOS A apelin 25 NMDA FHREEHEMIEE IR U CHREERZ R LEZZE
(Figure 14 and 16) 2>5 . apelin iZ, HNEOTBERIEL L TOFHESEIRTE 3,

ABFFEIC BT, NMDA FHRMAEAREMIIEI S L C INF-o FFFEIME#EER 2
3" Z & (Figure 18A) ZEHALMIZ LTz, £72  NMDA O FERNFEIZ L VBB SN 5 TNF-a
X, MEICEBITD AMPA BRIV S I VR BRORBR EREN L TINAT I VBRICHT S
REMEZHINEIRD Z EBHE SN TS (Lebrun-Julien F et al,, 2009), ZHHD = LI,
TIN5 I BBBEMEICK LT TNF-0 BMEERMIZEIC 2 & 2R LT\ 5, ABFRIZEV T,
NMDA DORFHERNREIZ LY | MEEIZIIT 5 TNF-o % _EH (Figure 18B and C) & apelin
BLG AP EBDOET (Figure 13C and D) & bz, Z D TNF-a DI _EH i, apelin
BEEFRBICLVRES ., apelin OB FENEREIC X 0 #MiE Shiz (Figure 18B and C),
INHEDI D, apelinid, TNF-a DEBEIMFIZN LTIV I VBEEFBELEE TS
AREME DS RIR S iz,

AR IR O AFIZIX, Akt BX T ERK OEMACNEERBEN L B3 & AHRE
Sh T3 (Kilic U et al., 2006; Zhou Y et al., 2005), & 52, BHNEETFT VT v k OHEER
REMIZBNT Akt OV T FAERERKICBET 2BEFORBBETIAONB Z L
(Wang DY et al,, 2010) <°.NMDA DR-F N EIC & D HEEMRMERIZIT 5 Y U BR{L Akt
DY BEMBET 5 Z & (Nakazawa T et al., 2005) 23845 ST 5, Apelin/APJ system
DHERIN T 7 F ViR B&IL. phosphatidylinositol 3-kinase (PI3 kinase) D#EHE{L%E A LT Akt %
EMEILT 5 Z & (Masri B et al., 2004; Eyries M et al., 2008; O’Donnell LA et al., 2007) <2,
protein kinase C %&b 7% Z & 12 & Y MAPK/ERK kinasel/2 (MEK1/2) DiEtE{LE /LT
ERK1/2 Z{EM(LT 5 Z & (Masri B. et al., 2002; O’Donnell LA. et al., 2007) A& Sh TV
Do ABFFETIL. apelin DR FHENEEIZ L 0 HBEIZE T 5 Akt 38 L UVERK1/2 DOFEHE(LAS
H i, ZOMEMIT ML221 OERHZ 52 X 0 #ifil S iz (Figure 19A and B), & 512, NMDA
TR MR EMIEFEIZ RS 5 apelin O TENBRSIZ X 2R#EEMIL. PI3 kinase BIL W
MEK1 DOEEA DRIFFR 512 X 0 Ml 47 (Figure 20A and B), T 5D Z &5 5, apelin
DI FHERRGIC X 2 EEMREREER L. Akt B LU ERKL2 ¥ 7 FADEMELAEE R
TEERZL TV ZEWRRBRENT,

PUEDRER LY apelin ik, NMDA FH AR MMSEIZR LT TNF-o OFHEFIME
X TV Akt. ERKI1/2 OIEHALZ S L CTREBER 2RI Z LSRR ST,
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waih

RRPBEICI 1 B HTALIBHER L L CO apelin OFRMEZ BT Z L 2 BIEL. B~ U=,
MR fy BHESEE 7L~ & R 95 KUY NMDA M RIEREE £ 7 1~ & 2 % IV CHRAT &
T UFIORT R B,

1. FE~D 2OMEEIZIBWT apelin 1%, Miller MIIZ BN A S, APY I3, MR
iR, 77U MR LT Miller MIRIZEBRBAELNDEZ L ZHALMNTL,
apelin/AP] A7 LR Y THITHEE L TWATREEMEZ R Lz, 512, ki
5. PERME apelin A~ 2DOMEIZIB N T, HREENREEEETEII LR
H L7,

2. AR AR & 2 MERE AR S HISEDS apelin-KO = 7 2 TEE L TWe Z & h b,
PNERYE apelin 2SHERRE M BRESEIC &L 0 358 S h 2 MR B RIS o 1t U CHR B IEA
EHTHZLERE UL, 72, Z0 apelin OREEM T, W@EEOFERICLVS
FESND INF-o BROMHZ T 2 e A LT,

3. NMDA DORFHENIREIZ L FEI N5 MEEMEEMMSEIL. apelin-KO < 7 2 TR
A AH B, & iz, apelin O FENEREIZ & Y & iz 2 & 55, apelin 75 NMDA
REGEEN LI 7NE I VRBEEEIC X V5% Sh 5 BEARETMIRE I L TR
EBERETRTZLEBALC Lz, E£2. 2O apelin DEEEMIZ. NMDA Ik V&5
BIND TNF-o BB EFOMBI &, Akt BL W ERKIR2 ¥ 7 F AT 5 WEt% R
H U7z,

4. < URAOKEBITIIT D apelin DFEFIL, Mg, MBS LEER. BXUOBERER LY
IVBHBIZ L VIETTAZ L2 RE L,

Pk, apelin 1%, MR MILICR L CTRENZRBZHEOIRFTHIZLBHALNE
IR0l MAEDBKRET L LTHMbND N, BERLEERL L CBRRZIVE IV
BRRITIC & ¥ MBREIZ 351 B apelin ORFESMET Lz Z LIZEKENATHY  BHERE
DB I1T % apelin DREBLHBMET LTV B RREESTBR SN, £z, Zh b DEREF
(& DR IR SED apelin DRIBICL VBE L2 & E BT, BRI NVEZ I VER
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R & 2 MR S AR SEIC 5 U C apelin DR FENR S NMREERZR LEZ L0 b,
apelin 2SRRI 381T 2 MM EI AR SE I X U CIREMER 2 R4 RS RIB S h iz,

AR TR DN O, IREFEIFHICHTBHEIT T DRI H L C apelin 239
BRE NI RREMESC, BEFE OIRER THICI %2 T apelin #8453 = LI X v . HMBICH
NEEIZ 31T % B R R Hi MR 5E 4 ] C & 2 TREME S B T & B, ABFFETIL, apelin 232
TFRTHDZ LD, BE~OEYOEENEERFETHIMFHRNEE 21T o7,
LAL2RB 5, HFENEEZ. REBER C—RNBIZITbN TV A 00, BEENEL .,
BEOHEMEDOABAREN &, PORYMER LOAIEDERENH B Z LR EDE
BOMBEZRATND, LEBoT, LV ELRBERETHSNRCRIRIZ XY #RE
EFRERTIEPERALPICT DI LHNEETHD, AFERBRLY, BABEBRICE
7% apelin DFRAMENRENTZZ &5, apelin ZHBEMRREICREZE D Drug Delivery
System DBAFE, B L MESF AP BIRH T =X b OBIFENERISAICHIT COX X R
BTHD,
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EIfE

BERZDICHY, RIEBBOZ2EHBE L HEELBY £ LB, BREARES
HEDIGRENILEEER. ATHEKEEITLI YV ES#ILE L EFEY,

AMRELEDDIZHI Y, BEEOHIEELBV ¥ LBl EREMEYIRRENE=
Bh8l, ARG EEITEHBELET,

Lo, Be @R, BEERE E LEEFRRREREYISRETREERE, 5%
ERA. RBFE, WESHFEECRHEBLET,

EhIZ, AFRICERRDEH N L EAXERE £ LRAAER L, LEAREL, 1L
FHER, BAEBAEXK, ROVCEERFEEE, EMBRFHREOERICBRMEL
7

B#%IZ, apelin-KO vV R R L CHE E LERAERL TERRSHITL I 0 LR L
LFES,
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