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1 E M PR M IEE o AR SRR 2 X D R I MEREE 12, Rk 2B ¥R T
RERTHD., TORER, HEEMIZE > TEEINIMEFETHDZ IHS
PIZENTWS L, EEBRETIBIT2MEFETIE, MBOBEIIE U THEBR
CEALMEFERINSA, BOEHERE CEE S N RNNERETE, BRT
B AR X v, MR LA ek, BEEERE Y SHT AP EmE
BHEET D, ZOMFEPIMRELULZFENE T, MELNHEFRD, BE IR
U, PRGN E2 67257, S5, ZOMEPEICRH U - MBS A HEEER 2 &
AT EDEZ L THTRLHEORE LR, il U AHRISIET 5 &, E(E
MEAMA S SRS N, RBOEES. EHE2L 26T L Zhopl ehrs, BE
TN TH2FEMEREEEOEEIL., ZOMWNRINEFESHEHETIZ 2 2EBEL
T3,

R I MR o250 U TR A BT T B L — Y — ST I & A EIEEEM L, &
MEAL 2 BE L CHERZEER2R ST L CMEHEZRBITH I Lin & b EE
EDHEITEZMEIETS %, Ui L, RBEREE, SERSOMIECHES BT, SLRE
BROBEILRE LOCHMBEOARTENRBGC L VALET 2B ARE»H 2. —
B, WAMEFHE2FETIHEFL UTMEAREEHERT (vascular endothelial growth
factor: VEGF) ASEE S, L —V—G@EMCNE T, KEF2EN & U EWiE
BHRBENTWS, FHE, EMEREEEE I LT, 5l VEGF fiffD 7 =¥ X<
7 WeyF4R) EVEGF Iy TRAR YA THBZT IS (T4
—7) OBWFERBRENThh, Zh 5 VEGF FHERIX, FHREMETEDMNELPMmE
IS HEREOREN R 2 RT I EMREINTVWS S, LM LAH S, VEGE
PREEIL, BhmBEYRE*RT AT, 2FHEOBEAZEZTI LY & BEE
HFIZHIRPEETIHREERHDZ L7, BLIUBHURWVEAPHZRE L BeR
MRS E ThTWwad, 5T, VEGF HEFIC & hiFNMEH EOHENREI—K
WIZBohdE 00, BEEBMAHEINRVD, —EHEE RN ST ENE
WS DREFIVRES N TS, £/, HTHEAD VEGF & & HEHNEHFEDRESN
HELRWHAREET LI »S 1% VEGF i, MRMEHEICKRELAEF TR
WIZEAHRENDS, ZhoDl ehs, EMEREREETCEL ZRNNEHEICES

THEHLEATOEEE FNE2HETIHREEOHEBIERD LA TVWS,
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APT X, B T/ ABEICE D 1993 S|ITHRAINT G X v N ELBRIZHRET

HO.TYIATUYVIRERK (AT]) OBEEEERO 7 I/ BEF & & Bz
HOF -7 7 URBHRLEUTREI WY, APTORREEY > F & UT 1998 FiZH
#E & #1172 apelin (APJ endogenous ligand) i, 77 7 2 VBBEEO L TuRTF Fhd
RTF XL Lo TH D HIND CRFAD 13, 17 £41336 7 3/ BREOHEE
2L O0EBEBESRTF RTHB 2, ZFETIZ, apelin-APJ system 13, TBEREBRIZE
BEEZDIENEOWMRIZE>THLMTIRTE D, DIEHFSERH %0
EETEAYBIUHABEFR P2 E2ET2Z e PREINTVWE, —H. T7
YAV RATTN & ACERZEDP S, BRI S W TH ISR X h i M8 O A B
JEZ AP OEBEBASND Z L HHE XN 'S, apelin-APJ system D IEHEIZH T B
BENZODWTEBEPEE 57, TRETIZ, VAR T 7V IV AT VORHER
RHAIZ apelin-APJ system % [HE T2 &, REWESWHI TR Z L% "% apelin
R AR ORI ST MEFELEESTIZEVHLNZIINT WS %2 &
Too TR OVHRE AR SR B AR MR U T, apelin ASHEHE, Bk, EIER
BAAERZRTZ 2%, @RS WTHAENSE ONEZMIIZ apelin & AP BHET 5
Zt 2 BE apelin BEFE RBE 7 (Knockout: KO) <7 X Tl, HEMEHE
ABIEST B Z L H S P, apelin-APJ system ASEEMEHEDEES 2 F L & U THEE
THZEPHLONIZITNTWS, X 5T, apelin BEFOERIZMALET 2 TnE—X
—HHRCERRFERTFVHEE T 5 ERBNELIIATFEL, apelin FRIERRIZ
IDFBEINBZZ DY TREMEFNL<YAORMNESSRONEAEHEIS
W, apelin BE T API BEHHETIZ LB EINTH Y B, apelin-APJ system 73
BBRRIGETE 7TV E UTRA RIS T 2 MHEIRBREINTHWS,
NoOI s, BIMEREEE TH SN BFRHIMER 4T apelin-APJ system A3 55
528, BRUARYZFNOMHERIE M MERBIE ORI IME S 4 2 MG © & 208
HEREXOND,

AW T, B MMERIEE ORI MBS 417513 3 apelin-APJ system OS2
RSB FHBEELLTO AP HEROCEREEHONTTIZ o 2EHNE LT,
RE MAMEREREAE € 7V ¥ R, RIIVERIERE B8 O T ARY » 7, B IURENRE
AWTHE 217 7,



7
F1E BIMEEEOKRKMEFHEIZB TS apelin-APJ system D5

MR %S| S22 SHBENERSOERIL, BMENEEE ORI k> THA T
H 5N, FEBIMIZ & - THREEELERFEFERI N 208E. WThoZniEE
BEIZBWTHE—HLTWS, ZORBE2EHRTEIEETVELT, TVAEH
7= oxygen-induced retinopathy (OIR) & FIL A 5N TW3E %,

v AOBEMEBR L, ERERPSIBIND, ZORBTR, 5107 HH
THREREONEMOMEFRLE, T0%&, H 10 B CTHKARBOMEREIRRE
., PELEOMEENZRT S Y, OIR EFV TR, WELEERETOLETH
B (postnatal day 7) (P7) * 5TV A% TS%BERRMET TS5 HEFAE TS Z L TREH
RMEOMEKICK Y EER LM ENEERSE LS, TOH%, BEBRERE
(20.9%) WHBTRELAMICALITS Z itk V EMEHEBICE» > TIIEHEN
FHEANDL, ZOENKEBRBEC L VFRININEFETK, EBRRETT
EUSRBEMEHEL ZERD, HPEAHIMET2EREEL L-EEMEIEK
BEENh3, ZOXSIZO0REFNTE, MEEMC L VBERINZRENEHFED
Hoh, TORFNEOMHERN MEMERENE THL SFHME LEHMLTHE A
&, ARE T NHREMIERBAE OB EMEE & BEEORBHRICAS AL NTYS,

BEEANDHEERRIZESMIINTOVARVWHREREORELEZNES2HS
MMITBDIZE, TOFRTFEZ2I-FT3EEFEREITEZKOBNZAVTER
ETFNEERL, TORREEZENTHHEVERICEATH D, £ I TARETH.
AR (wild type: WT) 7 AE & apelin-KO ¥ 7 2 B2 HWT OIR €F NV %
U, I MEREIEE G4 U BRI IME #2422 apelin-APJ system 2S5 3 3 HEMITOW
THHEZ2T- 7,



HERITIR

1-1. EREY

CSTBL/6N YT A (WT ¥V RA) &, HAZ AT LY —ASHELbEBA LK,
C57BL/6N R %2 BEFERICRH D apelin-KO 7 A ¥ id, RERRIHEGERSELS
AFLEk, ¥TAREH —UTHEL, Bl 22 + 1°C. HEHRE: 1 H 12088 (7
FE~19 %) ORBERET T, ekE2HRIERSEE:, BOfETS L OEBRITT
RCHAEHEZLOERDYIZET 288 IcE T, EREAZOBYERICET 3R
SEIZRE - TEBEL 7=,

1-2. ¥V ADBETHHE

TOAOREE DI U 5 pL QM % 50 mM NaOH 50 pl 2B L, 30 HH=E
BTHRE Lz, F0%., IM Tris-HCI (pH 8.0) % 5.5 pL MZ TrhfL, #hE, EiE
% deoxyribonucleic acid (DNA) ¥ > )& UL THW:,

BEFBHIE T IX, polymerase chain reaction (PCR) # % fi\ 7z, DNA RV A 5 —+¥
AFE L LT, KOD-FX (TOYOBO) # /-, PCR Kfinik., Y—< ¥ 7 5—T100
(Bio-Rad) TIT\, 94°CT 2 77f DNA 2#EMH X, FD%, 98CT 10, 70.3C
T2aM2 191208 0LT, 30Y A1 7 N1TFo7, RIEHD PCR EYIX. 0.5 pg/mL
ethidium bromide % & %3 1% agarose gel % Fl\W 7= EKIKENT & © 48 U | ultraviolet (UV)
transilluminator (Upland) (T & D DNA N FERBELEZ, W75 1 < —BdFik,
Table 1 IZRT .

Table 1. Primers used for the mouse genotyping analysis

Gene Sequence
Apelin F 5’-CAGGAGGAAATTTCGCAGACAGC-3’
Apelin R 5’-ACCGGCACCGGGAGGGCACTT-3’
Neomycin F 5’-ATCTCCTGTCATCTCACCTTGCTCCT-3"
Neomyein R 5’-CCAAGCTCTTCAGCAATATCACGGGTAG-3’




1-3. OIR & F )

OR EFNVE.PITDCI AZEHE I AT 5 HE 75% OB EIBEICHRE L -+
YUNR—ATHEL, T0%& BHHE, BEBREETHE TSI LItk D {ERL A,
MEREEOE=XY ZIZIX, TKO250 (JIKCO) %AW,

1-4. KERRIME DFENT
< U A% 50 mg/mL #KZ T T~ (500 mg/kg body weight) DEIEAREIZLD

BRERL ., BEMB I U2 DEE, 0B 2%, EL0R LD &BAEKCBR
L 7z 40 mg/mL fluorescein isothiocyanate (FITC)-dextran (2,000,000 molecular weight,
Sigma-Aldrich) % 500 WL Z#H U 7. HERBICHE U ZB3R%E 4% paraformaldehyde
EEDU VBEERT | BEZRIITREREL &, T0O%, REEBET CHRRY
SEEIEZ BB L, WREE. RS54 K5 A RIZH/85—2"5 A ¥ Fluoromount G (Southern
Biotech) Z FAWTH AL, MEZ7 Iy bV M EFR LU, SWEIME X, BOBEEM
# (AZ-100M, Nikon) THZE L=, MEMEEDERIZ. Image J (National Institutes of
Health) Z W TiT-o7% %,

1-5. Real-time reverse transcription-polymerase chain reaction (real-time
RT-PCR)

LRI VAP LB E BEE L, ribonucleic acid (RNA) DA fEZIIHIT 27
. E 5 T RNA later solution (Ambion) 2R L 7=, #UEA> 5 D RNA OHiH1Z, SV total
RNA Isolation system (Promega) % FA\ 7z, HHH L 7z total RNA 1 pg 88L& LT, #
#x B 3% Maloney-murine leukemia virus reverse transcriptase (M-MLV RT) (Invitrogen) &
& U random primer % F\V T ¢DNA % {EB L 7=,

Real-time RT-PCR K i, Thermal Cycler Dice Real Time System (Takara) T{7\, K
JEEERIAW & LT THUNDERBIRD SYBR qPCR Mix (TOYOBO) % FH\ 7z, PCR K&
ik, 95°C 30 BT DNA DAREAZ MM S Y, TO%K, 95CTT 10 B, 60°CT 20
. 2°CT208%E 11702 LT, 40 ¥4 27 NTo 7%, PCRE, dissociation curve
analysis {Z & U melting temperature (Tm) {E% T L, HEIEEM I E—THB I LEHE
L7z, E7z, reference gene & L T B-actin (ACTB) OFEJREMEH L., ¥ IO
E#xfTolz, AWZT 747 —OEMIE. Table2 (ZRT,



Table 2. Primers used for real-time RT-PCR

Gene Sequence
Apelin F 5’-GTTGCAGCATGAATCTGAGG-3°
Apelin R 5’-CTGCTTTAGAAAGGCATGGG-3’

APJ F 5’-CCACCTGGTGAAGACTCTCTACA-3’
APJ R 5’-TGACATAACTGATGCAGGTGC-3’
VEGF F 5’-GGAGACTCTTCGAGGAGCACTT-3’
VEGF R 5’-GGCGATTTAGCAGCAGATATAAGAA-3’
VEGFR2 F 5’-CGACATAGCCTCCACTGTTTATG-3’
VEGFR2 R, S-TTTGTTCTTGTTCTCGGTGATG-3’
ACTBF 5’-AGTGTGACGTTGACATCCGTA-3’
ACTBR 5’-GCCAGAGCAGTAATCTCCTTCT-3?

1-6. BRG] F % A AR AR AT

U RAEMKI BT & D RRER, EOE L EEAEKREER L. BT 4%
paraformaldehyde %2 &8V VEREME CHEREE 2T > %, B U RIRZ FE E®
T 24 BFIREBEEL, X774 V8 LA, 378 =2 X 0ERL % 5 um DS
74 R ERAGARTIRIZEED O, FYVYTHAZ 70 Vi, TR~
B & URKEKIZ X DAKFME L, Mayer’s Hematoxylin AP T 10 SEIRG X &, KE
JKTHHEE,. 0.1% Eosin Y ethanol IBEF T 3 IR E B, =X/ —BLTFFY
VUK BERE, V7 b U Y b (Wako) & WEA L. FEBSE (AZ-100M, Nikon)
THEL 7,

1-7. SEERLZERE

T AR EREER, BREMEE L. 4% paraformaldehyde 2 &3 V) VERERER T 1
RFfRIBEEL, MEZEBEL -, 0.1% Triton X-100 % &% Tris-buffered saline
(TBS-Tri) TtHE#,. 1% fetal bovine serum % &7 0.5% TBS-Tri F CEIRIZT 3 K7
vy F® B LPRENET >, FDH, FITC-conjugated Griffonia (Bandeiraca)
simplicifolia isolectin B4 (Vector Laboratories, Inc.) 35 & TF rabbit anti-APJ polyclonal
antibody % 4CT—HRIS I 7, H AP HifKIZ., =D A AP @O C RKIREREROE
7 F F (C-PGPNMGKGGEQMHEKSIPYSQETLVD) # V¥ ¥zl X g3 Z & iz

L OER U, $APTIAEZMRIL T 2728, goat anti-rabbit IgG Alexa 568-conjugated
-6 -



antibody (Molecular probes) % ZEiR T 2 RFERGE 7, MEZ Y DFAZ. Fluoromount
G (Southern Biotech) TH A L, HERV —VF —EEMEE (FV1000-D, Olympus) TEHZEL
7o

WRESI O HIZIX, 5-Bromo-2°-deoxyuridine (BrdU) (Sigma-Aldrich) 2w/, <
7 AT BrdU % BEFEEE O 48 BRI, 24 BB & O 2 BB BERERNIR S (100 mg/ke
body weight) L. BRER/NS 7 4 IR ZER U, BiST 7« v KD, 10 mM
citrate buffer (pH 6.0) RTI A 72V = —7 (500W, 10 2 x 2 @) Iz &k 3 HERIG
{LAVER % 4T - 7=, DNA R E LD 72 ¥ 50% formaldehyde/standard saline citrate I§#1Z 65°C
T2RA A 2% 2 — } U, adenine/BrdU DK & % RS ¥ 572 INHCI 2 37C
T30 FEKIGEE. ¥ 512 0.1 M Sodium Borate buffer (pH 8.5) THF & ¥ 7z, Mouse
IgG-blocking reagent (Vector Laboratories, Inc.) #&#30.5% TBS-Tri C7 B0 v ¥ v 7 %247
V™, mouse anti-BrdU antibody (BD Biosciences) % 4C T—HiRIE X, &\ T,
biotinylated anti-mouse IgG (DAKO) ¥ & U streptavidin-FITC % & > ¥ & 7, Fluoromount
G (Southern Biotech) IZ & D # AL, HYECTEME (AZ-100M, Nikon) THEL 7=,

1-8. R IMMEREIE B# O T2 B 1T 5 apelin H DR

L MNEFET Y TVIE, BEAMERERLUDRET, KEAZEZHRERNZHE»S
AF L%, HFEFMD 5 VWIIHETFRABHRS 2T OBIC. @FIEIEEINIHT
BB EBRL, ESIZRERE LS DRETET TV UTHW, R EY
TIHD apelin BDFIE L, Apelin-12 EIA kit (Phoenix Pharmaceuticals, Inc.) % F\T
enzyme immunoassay (EIA) FEIZ X DT o7, AREBRIZEAL T, RIRAZAEREESR
MENOHEZEZOERREZ, BEITRTOA Y 74—-bF¥arver v 2Ek2E
T, NV YFEF TR\ NEEBMIZR - THERIZITbh,

1-9. FRETFHIfRAT

FETEEATIE. Student’s rtest F 72X two-way ANOVA % 1T\, post hoc test £ U T,
Bonferroni’s test 24T 27z, TNOHDREIZE D, p<0.05 DIFEIZTEREDV L LT,
TARTCOBREZLEME + E¥RETRLUA,
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1-1. OIR EFNY 7 Az B 1) 5 MRS OFEEL

WT YU AZHAWTORETIVYY A %2ERL, MILME 2Lz, P7Hh565H
MEMESRE T THEHE U P12 DY 7 ATk, S80I T IR IS IR A R
S/ (Fig. 1, lower panels), P12 2* 5 HE, #@HEAE L7z OIR ET V<V A DHEIE
Tk, BRI RMEFEBAED > THEME DL A5, FDS5HbDEHOI
ENEREEE R U7 (Fig. 1, arrowheads in the lower panels)e Z# 56 DEZEREL
S =ML, HDP—HT 23 ha—Lx Y AOHEETIEE 5= AN o7
(Fig. 1, upper panels).

P12 P15 P17

Control &&

Retina i

Retinal flat mount

OIR

D

P
S

Figure 1. A mouse model of oxygen-induced retinopathy
Representative pictures show retinal vessels visualized with FITC-dextran perfusion in the control
mice and the OIR model mice. Arrowheads indicate neovascular tufts.

Arterioscler Thromb Vasc Biol. 30(11):2182-2187 (2010) 7» 63| (—#k %)



1-2. OIR BTV U ADKIRIZ BT 5 apelin B L ' APT DFRREL

OIR EF NV ADMIEIZ BV} 5 apelin mRNA 8 & ' API mRNA O EHZEiIz oW
T. real-time RT-PCR A HAWTHHFL~, MATOWE & —HL T, avbu—i
< ADHEIZ B} 3 apelin B & UF APT © mRNA 1. P7 LELBEL T, P12 75 P17
K CHRREEAPA SN (Fig. 2Aand B). —71. OIR EFNL <7 ZAOMBIZH T
% apelin mRNA OFEERIL, BREBREEZO P2 OMBETIX, P72 HELTIFLAY
BeAASNRP o0, BEMERENEL S PIS BL U P17 O TIX, P7T 2 EH
ﬁs’éb'cfﬁ’ﬂ 30 15 L FHFL MM A S (Fig. 2A). APT mRNA &, P12 OMEIZ B
T, A PE—=b T AL HKEBLTRRIAFEPA S0, P1S 8LU P17 OFEIZEW
T, BERLREBERENVA SN (Fig. 2B). £72. OIR EFNAI T ADMIKIZBIT 3
VEGF $ & U VEGF OIEF £ M5 T 5 %E4THD VEGFR2 © mRNA DHKHE
fbZ g L7, TOFRE, VEGF mRNA I, apelin mRNA & RRRIZHEA MBS £/
WHE LR A 5N A apelin mRNA O & LARTEHLR S O TIERD» - 7% (Fig
2C), —H4. VEGFR2 mRNA i&. mHMEHREZHEIREEREZAShE o7 (Fig
2D),
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Figure 2. Gene expressions in the retinas of OIR model mice
Apelin (A), APJ (B), VEGF (C), and VEGFR2 (D)} mRNA expressions in the retinas of the OIR
model mice were analyzed by real-time RT-PCR (n = 3 - 4). Data were analyzed by two-way ANOVA
with Bonferroni’s post hoc test and represent the mean = SEM. *p < 0.05 and **p < 0.01 vs. control,
tp < 0.05 and $1p < 0.01 vs. P7.

Sei. Rep. 7(1%:15062 (2017) 2 H3IH (—EREE)
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1-3. OIR ETNVT U ADMBIZ BT 5 AP DREB ST

OIR ET )NV ADFEMED apelin ODIFHMIAEZAETSHWTPI7TOOIR ETILVY
DA OMEEERFE L. B AP FiEAB L UMEARME~ — 7 —TH 3 isolectin B4
ERWCTEREREBE2IT->7 (Fig. 3A-D), TORE, 88\ APT B RIGHERE
RBOMEOHEMEIZEED 5Nz (Fig. 3D), —7F., EEBEOMEONEMKEICX,
API BFMERIGIZIZE L A EA SN H - /= (Fig. 3D, arrowheads),

Wiz, EFEHIM A AT 5 72D BrdU 25U 72 P17 @ OIR EF A< 7 ADER
DT 7 4 YR RFHEUHE Bt XU AP Hiff & i BrdU Fifk 2 AW T ZER
RREET-7, HE REKIZSVT, OIR EFAVYVAOHEETIE, v he—n
TVATRES L AONLVWHEERA» SEFERICBAL ZMEFZEHA LN
7z (Fig. 4 Aand B), Z OHEIERE 2 5 FERMIZEA L Il TIER W APT BHER S
& 54 (Fig. 4C). APJ BEHEMIFEIZ 1% BrdU B RIS AYERE X 1viz (Fig. 4D, arrows).

-11 -



Optic disc

Figure 3. APJ is highly expressed in the endothelial cells within neovascular tufts

(A-D) Representative pictures show double immunofluorescence of isolectin B4 (IB4; green) and APJ
(red) in a retinal flat-mount from the OIR model mice at P17. The boxed area in (A) is shown
enlarged in (B). Arrowheads indicate APJ-negative normal endothelial cells. These pictures were
taken with a confocal laser scanning microscope. Scale bars, 100 um.

Sci. Rep. 7(1):15062 (2017) 2580  (—EEE)

Figure 4. APJ is robustly expressed in the proliferative cells within the neovessels growing from
the retina into the vitreous body
(A and B) HE-stained retinal sections from the control mice (A) and the OIR model mice (B) at P17
are shown. (C and D) Representative pictures show double immunostaining for APJ (red) and BrdU
(green) in the retinal sections from the OIR model mice at P17. VT, vitreous; GCL, ganglion cell
layer; dotted line, ganglion cell layer; arrows, double-labeled cells. Scale bars, 50 pm.

Arterioscler Thromb Vasc Biol. 30(11):2182-2187 (2010) 2>5 5| (—HZE)

o .00



1-4. MEMED R MEHEIZN T 5 apelin BETRIEBOME

OIR ET)VY U ADMETHE U 5 B E MEF LI 5 AEM apelin DFSEZH S
P29 B70, apelin-KO ¥ 7 A% FH\WT OIR €5/ (KO-OIR) Z{E8 L7, P12 ®
KO-OIR EFT )Y ADMETIE, WT ¥V A% H\\W= OIR €7V (WT-OIR) @ P12
AR EEE R RE I & ML T AW EMAEER A A S N, BET S NS
EH WI-OIR ET IV~ T ALFABRETH -7/ (Fig. 5A, Band G). L L7ZA5, P17
D KO-OIR ET NIV ADMETIE, P17 ® WI-OIR EF I T A TH SN ERE
BORFEMEIXFZLEAEALNLD 57 (Fig. 5C and D), MEIEO M4 % & &7
B¢, WI-OIR ET VY AT P12 20 5 P17 123 TREIFIN (2 I 45 SE I D 5 AH 70 1Y
MHAHSN7zH, KO-OIR EFINY Y ATIXMEFEBDOAEZREIMITZASHT, P17
WBWT WTOIR EF NIV RALHEBRLUTHERIZET L TWE (Fig. 5G). — . M
f{E L7z P17 @ apelin-KO ¥ 7 ADMEIEME X, FHEHO WT <7 2L EBL T, I
BHEEFPPOEVD, WESEIZIERK TN T W (Fig. 5E and F),

A WT-OIR(P12) B KO-OIR(P12)

G
o O WT-0OIR
%% 501 m KO-OIR
y 2 P17 8 2 40-
_?MQIR(P‘I_?) D KO-OIR(P17) gf 40 7
— 0 E E 30+ ok
2o 20
m -
>3
= o 104
g
E WT-control(P17) |F KO-control(P17) ©3 12 15 17

Postnatal day

Figure 5. Apelin deficiency in mice reduces pathological retinal angiogenesis induced by OIR
(A-F) Representative pictures show retinal vessels visualized with FITC-dextran perfusion in WT and
KO mice with or without OIR. (G) The retinal capillary area in the OIR model mice was quantified.
Data were analyzed by two-way ANOVA with Bonferroni’s post hoc test and represent the mean +
SEM. **p < 0.01 vs. WT-OIR, 1p < 0.05 vs. P12.

Arterioscler Thromb Vasc Biol, 30(11):2182-2187 (2010) 253 (—HikZE)
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RIZHTHBNA~OMBEFEIZN TS apelin KIEBOFEE2HRFTTED, P17 O
WT-OIR €TV T AL KO-OIR EFILY T ADBIRDNT 7 4 VYK % HE L
7o P17 D WT-OIR E T3 7 ZADOMAETIE, MERE 2 S FAERICEA L il
MEYA S NIz (Fig. 6B), F7-. MEHAEOMEHMIEE & v T EAICFEET S
MO OEIE, EE <Y ZOMEL LKL T WT-0IR € 7L~ 7 ADMEEIZ BT
FZIHIZHEMU TW (Fig. 6E). —A. KO-OIR ET V<7 ADMETIL, HEERTED
HESRPPENT NS H DD, ITHERAICEALZHMIXIEE A XA S5NT (Fig 6D),
MREME & O T RICEET 2 MEOKOBIL. WT-OIR €777 A L
UTHERITREZ R U7z (Fig. 6E), 72, @BEHE U 7z apelin-KO < 7 2 DI TIZ,
WT ¥ A L ERIZHIERE D S FERRICBATAMIEIREZ s < Abhih o7
(Fig. 6A and C), X 51Z, P17 D KO-OIR EF )7 7 ZADHEIEIZ B % BrdU % §f L
7ZHER. WT-OIR E7)LY Y AL L T, MEREICHRE S D BrdU 34725 >
7z (Fig. 7, arrowheads),

Control OIR

)
S
O
=
3+

—
(24
<

*%

o
o

o

The number of nuclei above M
the internal limiting membrane
=)
o

Control OIR

Figure 6. Apelin deficiency in mice inhibits intravitreal neovascularization in OIR
(A-D) HE-stained retinal sections from WT and KO mice with or without OIR at P17 are shown. GCL,
ganglion cell layer. (E) The number of the cell nuclei above the retinal ganglion cell layer was counted.
Data were analyzed by two-way ANOVA with Bonferroni’s post hoc test and represent the mean + SEM.
*#p < 0.01 vs. WT, #p < 0.05 vs. control. Scale bar, 50 pum.

Arterioscler Thromb Vasc Biol. 30(11):2182-2187 (2010) 2>5 8| (—#% %)
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KO-OIR

Figure 7. Apelin deficiency in mice decreases proliferation of the cells at the retinal surface
induced by OIR
Representative pictures show double immunostaining for APJ (red) and BrdU (Green) in the retinal
sections from WT-OIR and KO-OIR model mice at P17. VT, vitreous. Scale bars, 50 pm.
Arrowheads indicate proliferating cells.

Arterioscler Thromb Vasc Biol. 30(11):2182-2187 (2010) 2> 53| (—#EZE)
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1-5. Apelin-KO-OIR € 77 7 ADMRIZ B} 5 VEGF B & U VEGFR2 D F
HZAL

KO-OIR EFNV7 7 ADOMEIZ B 1T 2R MEHEDOKTA VEGF B & U VEGFR2
DHBETIZRET 22 FH»IZD2WT, real-time RI-PCR HEIZ L WM LA, T0OE
. KO-OIR EF N7 ADMEIZH 5 VEGF mRNA OFEEIFX, WI-OIR EFI<
Y ALEBRIC, BREEELOPT 1S P2 TRIFEALEANALNT, PISBLT
P17iZBWT, FHRBEMAA SN (Fig 8A), X 5T, ZOHFREINE, FHEKRO
WT-OIR ET VI VA LB LU TERICED 7= (Fig. 84). 72, VEGFR2 mRNA @
EEHIZ, WIOIR EF VIV AL KOOIR EFIVTTALOMTIELALERALN
Z2h o 7= (Fig. 8B).

>
m

6+ 0 WT-OIR T 2- O WT-OIR
—_ B KO-0IR K] W KO-0OIR
Qo >
kS = 2151
< 5 41 <5
04
Z§ 5 N
w8 21 g 8
G 3 i 205
ol ~ (O~
> L]
0- > J
7 12 15 17 7 12 13 17
Postnatal day Postnatal day

Figure 8. VEGF and VEGFR2 mRNA expressions in the retinas of the OIR model using

apelin-KO mice

VEGF (A) and VEGFR2 (B} mRNA expressions in the retinas of OIR model mice were analyzed by

real-time RT-PCR. (n = 4-5). Data were analyzed by two-way ANOVA with Bonferroni’s post hoc

test and represent the mean £ SEM. *p < 0.05 and **p < 0.01 vs, WT-QIR, 17 < 0.05 vs. P7,
Arterioscler Thromb Vasc Biol, 30(11):2182-2187 (2010) 25 3|H
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1-6. GE 1M PERERRAE & DM FAITHB T 5 apelin ED M

TR M HEIZLE S apelin RO ERAST Y AREOHATIIRL, L hTHEE
TWAEPEPEZHSPITT B0, BIMERBRE O RERE T H 2 BRI REREEE
B & UK BB E OB FAM apelin 1B % 817 Uz, EEE U THWME
FraEZEDLROCEEREEOHETETIE, 3 K4 2 T apelin IBEPMBRRLT T
Hotz (Fig. 9A). —H. HEIMEFERFHEIEE BE OWFETIX. 4§19 X T T apelin
Al X, NBBEZEEL T, ARIZBEZ AL CUIEEE: 1.0£0.8 pg/mL. EH
4 PR B BT PGB B 16.52.8 pg/mL) (Fig. 9A), A RMIIEEBE OHF&HY 7
WG 24 Fh 1 IR ERUT TH - 7255, TOMOFITIE, TR TEHIEED apelin
PR E N7 (104.9£10.3 pg/mL) (Fig. 9B).

A B

= 24 10828 23001 1049103

=) =)

& . 2 o

T T

2 16- —— % 200 .

o ] Q

2 8 2 100] —me es

c 81 1o=0s £ o3%. 00
0 o . 0 *

Control PDR ROP

(68 — 75 of age) (41 - 68 of age)

Figure 9. Apelin concentrations in the vitreous body of the patients with ischemic retinopathy
Apelin concentrations in the vitreous samples of the patients with proliferative diabetic retinopathy
(PDR) (A) (n =3 - 4) or retinopathy of prematurity (ROP) (B) (n = 24) were determined by EIA. Data
were analyzed by Student’s ¢ test and represent the mean £ SEM.
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E %5

AETIE, EMEREREE TEU SR IMER 412 apelin-APJ system 2°f5F 5 15
PEEONIZTEILEENELT, OIREFAIVAEZAVTRN 2T, TO
FEHR. OIR ET VY7 ADMIRIZ B WT, BEMEFEHNLE L S RHIT apelin DFEB
MEICEMU, Zo@mid, BREONEHERERT THD VEGF OFEMINL i
BLT. BOTHWHDTH 7%, Apelin ZAMK API ik, BB WCEEMERE
PRI ZRHICHEES LRL, BREES LR MG OO VAR
BHLTWr, &7, apelinKO ¥ 7 A% FH\W= OIR EFNVOMETIE, WI-OIR EF N
TUALRKIT, SRERBIC X SMAERBOMEEK L VEGF ORRFELA LN
A, BEMNEHFEIFZLAEASRED ok, DEOBERI Y, BMMEEEETED
BFAMAEHT 4TI, apelin-APJ system OFBHABEIEMRIZ L V5 ERZ T h B3 MEN
A O RIEFEA B ST BRI AR E his, |

INETOREL—HLT, OREFAITAOHEETIE, BSBERHEIC L hE
RRIOMENPHEL, TO%, BEBZIIRT I 2I1ITL Y e b EMEREEE & 585
U7-BRIGEORENEPEEFE I N, ZORENEOHRERIITEIZIZHES
PIZENTHRVWA PT L SERBEAET LAY A2 P12 CEEBEABTICRITIZ
P27 ¥ CEBEMATULEITIL L, RENEHENEL L Z LR EERBOMEIFE
RENBZZEDBEHOMZIINTVS ®, Zhid, SEEE AR EREEL2T =&
IEZ L TCHRMNEHFENIBEREINEILEZRLTVWS, 4E, OIREFNLITIAD
MIREIZ 3B D apelin DFEFIL, BBRREFERICXZLALEM L7208, BER
ZETICELUAEZPSSBUTIEINU 72, Apelin 3 XU APT O FE N, EFRAA M
BEHENPRI > TWBHMEETE ASN/AD, OIR € 7N O RS ME £ 25 Z 3R
OMBRIZBVWTHETH o7, ¥HIZ, KOORR EFNVI VAT, SMFEITEDE
RIZ\MEFRALEC TWAIZE b s, BENEHERIFLALALONE -
oo THHDFERIT, MWEAMOEBRZREBIZL VB EEZ IS apelin-APJ system
DERRIEEIEHNEHRELF SR TEFNTHE I LERBLTWS,

OIR EF NV T ADMEIZBWT, APl i, BFRWEOREWME 2 HET 5 WEH
Rl EREL, EERBOMEOANERMBICIKIEE A XEEABA SR, 20
RBEAR—F, BOMEMEEET LY AOLEMBERIZBEWT, FEV VAED

AR MR APT OFBENALND Z 2% 0 BEEMEBAOMS AR APY
- 18-



PREBHAUTVWAREELYEULTWS Y, ZhsORIRIE, SIS B W TS
EHEE AT E TV B HNEMIET apelin-APY system DG ERIZIEMLLTWEZ L %
RBLTWS, £/, EEALNEFESBETVWI Y AOHEIIE VT, APIH
Biks L OBIRICART 2 2H0EORNEMBICKRTSAZ L 2 BLUORET NV
w7 ADRETIX, BEMBEDE PRI E BIRICART 2 2M0E»5E05 2
ERESPIZENRTWS 2P, ThoOREP S, P17TD OIRET AT T ADREET
BYEMEONEMEIZIRY APT BIEREAA LN DM, FIIZHT EF U7 apelin
12 & o THIRP IR AR 2 B © APY 51 IS PR MR AR U 72 iR
X550 THIHREIEFZL SN,

INETOME,»S, BEREMNEHECEDLSEFE L T, insulin-like growth
factor-1 (IGF-1) *, Leptin **, # & ¥ Adiponectin * 2 ¥ &I NTEH, ZHh 5D
F1%. VEGF ¥ tumor necrosis factor-o. (TNF-0) DFRRFHI %+ U CREFEHEEMERHE
HBEEZLZ AL PIIINTVS, AFREIZBWT, KO-OIR EFNT VA
OMETIE. WI-OIR €TV < 7 A L ERRED VEGF & & U VEGFR2 DFEHRAA LN
Fr. Eio, EEMBIEEHECEST 2 H2AX ¥, Erythropoietin ®, # & ¢F TNF-o ¥
DOFEREMIZOVWTE KO-OIREFAVITAL WI-OIR EF VIV ADETERAS
N7 o 7z (datanot shown), T DFERIX, KO-OIR EF N7 ADMEIZEIT S
ABMEFEDETFICE, S7%< L b EROMEHEBERFEEE LRI &5 R
BLTwa,

INETORBMENZMEEHOAEIFER S, apelin &, APJ iZE&TAIL2T
extracellular signal-regulated kinase 1/2 (ERK1/2) % phosphatidylinositol 3-kinase
(PI3K)-Akt 3 & O mammalian Target of Rapamycin (mTOR) @V »E{k% /LT p70
ribosomal S6 kinase (p70S6K) @V M2 FET 5 LI L H il Es ERZ T
ZERHEHSPZINTWS Y, —A, EEALEENEREFE ZRHEDY I A%
H\WTR5E 5, apelin &, RRFRIZ &L W HFEMEOMHEFRERET 5 HMHICA
EHTAHEMIETH S tip cells IZFRIRB A S, AP I, tip cells (28843 D BFEMED
RO stalk cells IZHRRAMRASNBZ I EHPBEINTWE Y, ¥ 57, MELEH
AHAD apelin-KO ¥ 7 A8 LT API-KO 7 ADMBIETIX, ERESRETIZEWTM
BENRMIAOERES 7 Vg UTHBET 2 mTOR OV VBIEORSHR A SN D
ZENPELMZENTWE P, ZhdOHE L RERTOD KO-ORR EF VI VAD

FERE THME ¥ e BrdU BEMRBR VDL s ARZGLETERTL L.
-19-



KO-OIR EFAT T AN BT 2 REMEDOWA &, ME AR EMETIC
BET 2 HREAE R Sk,

b FHTARAD apelin B % T L 2GR, NEHFEZELRVWIRERRE OHTH
Tid, apelin 28 FE & A EMH E Hadp o 7205, HIEMERE IR IRIRE B3 O TR T,
apelin A T A, &5, FARPEEEREOMFE T, FRED apelin &
Hahnrz, Zhik, WORREMER £ D apelin DX LR P THERETHS
ZEHERBLUTEYD, apelin-APJ system 752 I 14 HHIEE O FriR G B & 70 5 AT B M
BRRLUTWS, THIT, ThoORKHROD VEGE HE 2 M U 7R, apelin FH
& OFEIEA S NT (datanot shown), ZOHRIE, MOMEESITE>TESNE
Re—BUTWE ©, ZhsOfRIE. VEGF HEENZEW UL WEFIZHLT
apelin-APJ system OEEEI R 2RI TEEEZRBRL TWS,

Lk, RETIE, FEIZEWT apelin-APJ system A% MUE I B2 ML O #1958 % 5] &8
ITIETC, BIERBEECELSENNERELBESTELTAEERIREBE N,
T, BIMEREBEREOWFHEIZBEWT, apelin PEBEREBEINLIELS,
apelin-APJ system 7% MAERIFRIE ORI TN 0T & LB ABENRE N,

-20-



F|2E  Apelin ZEIEIC X 2 FEME RALO/EE

A FAY R MEHTEClk, OB OIS H o MMM (% I8 amMma. & Zai)
PEER L. @F OFER» S, ERMESFAI N MENRMAREEC. BETam
EREMEAEIEYT S Z it & MENEMEROEREIR S, TO%, @R
fIOERzMEEMEIFE SN, BELAERMENERILS Y LirL, B0
PERERECAE L 2RI EHE T, NEEMPOREL BB LONENELZZ .
O BLUIOREMNE TR, MERNEHBEOBHBEFEE TSI LIREINT
W3 Y, ik, RERNERERROMREZ, IEERoEgEZs SR L, I
BEORBEETEIEDE ZLNELNIZENTWS B LiehlsT, EMEREED
MECTmMEARMROBEMEZI EFRI T I FILENHTEIILL T, ZEL
TRRIME DR EBECEITRENENEZ 53,

HI1ETHE, OIR EFILY T ZAOMBIZE T, apelin-APJ system D3 B iE (L
KR TMENEMEOBHEMEMN EEIENZIEPRREINZI &Hh 5,
apelin-APJ system ZfEETZZ iz kb, MESZREZFZETCESIRREIEZI LGN
B, T TARETIH, apelin-AP] ¥ 7 OMHIC & 2 RELE kLI T 228
KoWT, BEHES LT OREFALTYRAEAVWTHRE 21727,
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REGE

2-1. MifaEsE L BBHIHE~ O small interfering RNA (siRNA) DEA

Montesano 51T & o TR & Mz < 7 A ME RN E MBI bEnd.3 MM * i, KERKRZEXR
ERFEFANEREEZMAE» 5 AF Ui, w7 AMELRHMEER pS3LMACO]
Mg, b o -y ¥ TV AMREEA Y P SBA LR, Zho ORI, 10% fatal
bovine serum (FBS). 100 pg/mL streptomycin, 100 IU/mL penicillin 3 & O 1 pg/mL
amphotericin B % & high glucose (4.5 g/L) Dulbecco Modified Eagle’s Medium (DMEM)
HIZ T, 5% CO/95% air, 37CTHEE L7z, bEnd.3 HIfA~D siRNA (20 M) DAL,
HHREFETE 24 BRI REE L3 % Opti-MEM (Invitrogen) IZB#H L. Lipofectamine 2000
(Invitrogen) %AW Tfr-7z, Apelin BETZEN L L% siRNA (QIAGEN) O target
sequence, sense strand, antisense strand & Table 3 IZRS, BRENODBEEF LHRME DWW
control siRNA & LT, AllStars Negative Control siRNA (QIAGEN) % fi\ 7z,

Table 3. Information on apelin siRNA

Target sequence

5’-CAGAAGCTCGATATTCACTTA-3’

Sense strand

5’-GAAGCUCGAUAUUCACUUATT-3’

Antisense strand

5*-UAAGUGAAUAUCGAGCUUCTG-3’

2-2. Real-time RT-PCR
1-51283 5, AETCHWL TS 4 v —0OEF% Table 4 IZRT,

Table 4. Primers used for real-time RT-PCR

Gene Sequence
PDGFB F 5’-GAATCAGGCATCGAGAGAGACG-3’
PDGFB R 5’-GCAAGACTGTGGGCAGGGTTAT-3’
TGE-f F 5’-CAGTGGCTGAACCAAGGAGAC-3’
TGF-B R 5’-ATCCCGTTGATTTCCACGTG-3’
MCP-1 F 5’-CCACTCACCTGCTGCTACTCAT-3’
MCP-1 R 5’-TGGTGATCCTCTTGTAGCTCTCC-3’
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2-3. Western blotting

siRNA # A%%, bEnd.3 #ifZ# lysis buffer [20 mM Tris-HCI (pH7.5). 2% sodium dodecyl
sulfate (SDS), 10 mM NaF, 1 mM Na3VO4, 100 uM phenylmethylsulfonyl fluoride ¥ & O
1 pg/mL aprotinin] =& D BEME L7z, 10 ZEEHEZTW, B, EEz3r70eL
Teo RUNZBEEEME, Y TINIT 5xLaemmli buffer (12.5 mM Tris-HCl, 25% glycerol,
5% SDS, 0.2% bromophenol blue 35 & TUF 10% mercaptoethanol, pH 7.5) %A1X T, 10 43
WU, SDS-RVTZYUNT I FFLEAWCERIKE 21T\, polyvinylidene
difluoride transfer membrane (Millipore) (Z¥x5 L 7z, $&54%, membrane % 0.05% Tween-20
%% $ TBS (TBS-Tw) THE%, skimmilk 2& 3 TBS-Tw T/ 0 v ¥V 7 8T o7, —
REIR [rabbit anti-MCP-1 (abcam), rabbit anti-phospho-Smad3 (Rockland Immunochemicals,
Inc.). rabbit anti-Smad3 (Cell Signaling Technology Inc.). rabbit anti-phosbho-Akt (Cell
Signaling Technology Inc.). rabbit anti-Akt (Cell Signaling Technology Inc.) X 7z {X
horseradish peroxidase (HRP)-conjugated mouse anti-B-actin (abcam) antibodies] % 4CT—
M Rh 2., BE#E. ZiRHI{E [HRP-conjugated goat anti-rabbit IgG antibody (Cell
Signaling Technology Inc.)] 2ZIRT 2 FEKN ¥/, TBS-Tw Tk, Enhanced
Chemi-Luminescence (ECL) {EIZE D XU NRZEBNR Y FE X7 1V AITBE U,

2-4. FuIEIRaR TR

15 mm A /3—="5 A _ETHEZE U 72 bEnd.3 Ml siRNA % 3 A U, 4% paraformaldehyde
2ECY VEBEEET 10 2MERE L 72, TBS THEE, 0.1%TBS-Tri THAR L 7= rabbit
anti-phospho-Smad3 (Rockland Immunochemicals, Inc.) % 4C T—MBR & X, £ D, goat
anti-rabbit IgG Alexa 568-conjugated antibody (Molecular probes) & Hoechst33342
(Sigma-Aldrich) 2 ZEiRT 2 KRG I ¥/, Rl AN I22 A1 FFFA L
ZE AL, BORERBIEE (AZ-100M, Nikon) THIZL 7=,

2-5. MURLIEE BE DM

24 well plate {Z pS3LMACO1 Hlf@Z B L., 24 BifEE, 1,000 uL ¥Ry b F v TD5E
ST well DEZRF > PWTHIEZ IZAL, # 1 mm ORREZEEL =, pS3ILMACOL #
fEDR2EE FiE % siRNA A 48 R4 D bEnd.3 MIfIOEE L7E (1% FBS/DMEM) 1ZE&
L, MREEZ2NHT L2, HEREEDN 5 mM (£ 5 & 512 Thymidine

(Sigma-Aldrich) ZMZ 7, 7 MCP-1 ZEMHR CCR2DT X T=A »T#H 5 RS102895
-23_



(Sigma-Aldrich) % SA&EE 40 WM IZ72 5 & 5 ITEE EBICEIMU 7=, 48 REMEI4S. IR
e S AN R AL BEMEE (TS-100-F, Nikon) TEE L/, BTV 7 FTH 5B
Image-] 2 BT, WEEREZEY LU HHOMMEEE»SEE L7,

2-6. EEBEM L OIR & FILDOIESR
C57BL6/N D WT <% R % ZERIZF\W -, BB, 1-1 m#33, OIR EFXAD
R8I 1.3 12893,

2-7. siRNA DTS TIPS

Apelin siRNA. 3’-Alexa488-conjugated apelin siRNA, Z 7z{3 AllStars Negative Control
siRNA (& 200 pmol), YAV —4L & UTHWAZER®D Invivofectamine (Invitrogen), 3
FCTNT-A (5%) % ZR T30 5HREL 725 D% siRNA B E Uiz, ITVAAD
HFERREE, 33 G#%2EELZTT1 7 2Y Y Y (Ito corporation) 12 & V1T 7z,
KBS —VIC X OFRBRL A2 D ACHEREOI N > P S (ba¥Hh IR 5
mg/mL., 7 ==L 7Y VIERE S mgml; $XREER) L UCRARBEFIOR F¥—
IR 04% (A x> 7 TukA4 VIEBRE 4 mgmL; 2R % S L 7, siRNA B
1 WL 2 P12 BLUPIS D OIR EFNY T ADMFHRAICIRE L, fIBERETHORD
i/ 7n (Javnxdy 3 mgml BERE) 2REL, THiznal) Y URRE
(ZVARRAY Y57 PEAVEEE Smg/g. JVAF VAR VANKFVBF P YDA
Smg/g ZREF) 2BHUL %,

2-8. MMM DA
1-4 8T 5 BB 2BEREEDMERIT, Banin 5D FEIZ->TERLE %,

2-9. RN
1-6 IZ#F 5,

2-10. HREHEHRRMT
1-8 ICHET B,
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EERER

2-1. Apelin FEBHHNC & 2 B BEHIRLEE R F O FRHHEE

MENERILZEIT S apelin-AP) ¥ 27" F N OMFNIZ & B IMERBLIZTT 8%
BH & 2MTF 5 728D, apelin siRNA ##EA U /=< 7 A 52 ME A Bk bEnd.3 #iE% A
WTHES %17 572, Apelin siRNA 3 A 24 F#EI4 D bEnd.3 MIFR T, BEOBEF L1
E{#ED 72\ control siRNA %A L 7= #ifg & B L T, apelin mRNA FEEHSFHHT I HE
N T Wz (Fig. 10A), RIZ, apelin siRNA % A U 7z bEnd.3 MIFLIC B} 5 MERRFIL
545 EAFOREBEFHBUTOWT, real-time RT-PCR iz & W fEHT L 7=, IMESEEH
ROBEPEHEZIEEITRERNREF L LT, platelet-derived growth factor B
(PDGFB) *, transforming growth factor-beta (TGF-B) °'. angiopoietin-1 **, monocyte
chemoattractant protein-1 (MCP-1) > * BHI 51T D, angiopoietin-1 BAS @D 3 DDEF
X, MENEMEICBWTEEXNS, Apelin siRNA EAMIM & control siRNA A
RO T PDGFB 3 & U TGF-B ® mRNA OFRBIZEIIHA ShAd -7z (PDGFB, 0.99 +
0.04; TGF-B, 1.20 % 0.13 vs. control siRNA), —7, MCP-1 mRNA DO #Hid, apelin siRNA
ZHLE U 2R B W TARERENARD 51z (Fig. 10B). Z O apelin siRNA 2 & %
MCP-1 DEHREFIZ, ZUNIEVRVTHHERI N (Fig. 10C).
B c
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Figure 10. Apelin siRNA induces MCP-1 expression in the endothelial cells

(A and B) Apelin (A) and MCP-1 (B} mRNA expressions in bEnd.3 celis transfected with control

siRNA or apelin siRNA for 24 h were analyzed by real-time RT-PCR (n = 3). (C) MCP-1 protein

expression in bEnd.3 cells exposed to control siRNA or apelin siRNA for 48 h was examined by

Western blotting (n = 3). Data were analyzed by Student’s ¢ test and represent the mean == SEM. **p <
0.01 vs. control siRNA.

Arterioscler Thromb Vasc Biol. 30(11):2182-2187 (2010) B L}

Angiogenesis 16(3):723-734 (2013) 65| (—ERE)
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MCP-1 DOFE % FET 25 RT L LT, Smad3 * 8 & U nuclear factor-kappa B
(NF-xB) ** 23|15 T\ %, Apelin siRNA 23 A L 7z bEnd.3 LIBT3 Zh 6 DiEE
HFDY vBbs EUOBERNBITIZOWT, Western blotting 12 & O fi#HT L 7=, FDF5H,
apelin siRNA L AMINLIZ B W T, NFxB Q%17 Smad3 LASA D Smad 77 IV —D Y
VBB E D A S N d o 72 A (data not shown), V) EEAL Smad3 B OEINAEE
507z (Fig. 11A), #8 Smad3 BIZ%3 5V VB Smad3 &I, control siRNA 2 A
& B L T apelin siRNA % AL L 7-Mif2i B W TEBLRWINA A S5 Ni- (Fig 11A), £
7o, FEHEHIRR R ORE R X D, apelin siRNA %3 A U 7= bEnd.3 fIFADORZIZ BT,
FR Y R AL Smad3 B KIS ASHERS X v/ (Fig. 11B, arrowheads), & & 12, apelin siRNA
2 &% MCP-1 & X7 B OFBFEYRIL, Smad3 FEFITH 5 SIS3 ORTALE I X b M
Xz (Fig. 11C),

A B Control Apelin c
siRNA SiRNA
P-Smad3 | s S | [T MOP | et it
Smad3 | e —] Brachin | e s —— ——
24 g
ok 1.5 ok
o
o = 1.5 c
@ = S
e o g3
28 M T 29
(o= o ®
ES 25
@ ] i
d 05 &g 05
=
0 T 0
Control  Apelin ”
SRNA  SRNA Control siRNA + -+ -
Apelin siRNA - + - +
SIS3 (3 uM) - - + +

Figure 11. Apelin siRNA increases MCP-1 expression by activating Smad3 in the endothelial cells
(A) The phosphorylated-Smad3 in bEnd.3 cells exposed to control siRNA or apelin siRNA for 3 h was
examined by Western blotting (n = 3). (B) The translocation of the phosphorylated-Smad3 (red) in
bEnd.3 cells treated with control siRNA or apelin siRNA for 6 h was detected by
immunocytochemistry. Nuclei were labeled with Hoechst 33342 (blue). Arrowheads indicate p-Smad3
in the nuclei. (C) bEnd.3 cells were incubated with or without SIS3 (3 uM) for 1 h. Then, MCP-1
protein expression in the cells exposed to control siRNA or apelin siRNA for 24 h was assessed by
Western blotting (n = 3). Data were analyzed by Student’s # test (A) or two-way ANOVA with
Bonferroni’s post hoc test (C) and represent the mean + SEM. **p < 0.01 vs. control siRNA, f1p <
0.01 vs. apelin siRNA.

Angiogenesis 16(3):723-734 (2013) 76 3|H (—Hk%)

-26 -



Smad3 @V Y ELiE PBK-Akt > FLOFEMMICEVEEEINEZ Y %Y Bk
U apelin t& APT % /7 U T PI3K-Akt ¥ 7" F L2 EMATEZ E ABEXI T VWS Y,
% Z TIRIZ, apelin siRNA {Z & % Smad3 @V »E{LAS PI3K-Akt ¥ 7 F AV DET %L
TBISPENIZDOWTKRE 21T 572, ApelinsiRNA # ¥ A L 7 bEnd.3 MIFA TR, Y
YA At RO ARSI, Akt BIZH T2 ) UER{E Akt BIE, control siRNA X
AN & BB L T apelin siRNA % MLE U 7= HIBLIC B W TERREBANA S Wi (Fig,
12A), F£7z, PBK HERITH 5 LY294002 % MLE L 7= bEnd.3 MM TIX, UV B4k Akt
BOREASITMAT, Y Bk Smad3 BOBMATA Sz (Fig. 12B). & 512, LY294002
% ML U 7z bEnd.3 MifETIE, MCP-1 mRNA OFEB LR MBH SN (Fig. 12C), B ED
FER» S, MEREHIEIZE VT apelin-APY Y FF L 2HETE L, Ak ¥ FFILO
ETIC & D Smad3 OIEFEALAE L, MCP-1 HRBEBEINS Z L ARBRE I,

A c
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Figure 12. Apelin siRNA leads to the reduction of Akt phosphorylation and followed by
upregulation of MCP-1 mediated via the activation of Smad3 in the endothelial cells
(A) The phosphorylated-Akt in bEnd.3 cells exposed to control siRNA or apelin siRNA for 3 h was
examined by Western blotting (n = 3). (B) The phosphorylated-Akt and -Smad3 in bEnd.3 cells treated
with L¥294002 (3 uM) for 3 h was evaluated by Western blotting (n = 3). (C) MCP-1 mRNA
expression in bEnd.3 cells incubated with LY294002 (3 pM) for 24 h was assessed by real-time
RT-PCR (n = 5). Data were analyzed by Student’s ¢ test and represent the mean + SEM. *p<0.05 vs.
control siRNA, tp < 0.05 and 1{p < 0.01 vs. control.
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2-2. Apelin siRNA ZE A U A MO SR LFIC & 2 &GO
i AR

M AR MBI BT 5 apelin-API > 27 F )L OMIEHT & 3 M B OB B ~ DS
S MTT S8, apelin siRNA B A U 7= bEnd.3 MIlE O E EFIC & 2 MEEH
MR O E B IT N T B B8 2 MET L 7=, Apelin siRNA %23 A L 7z bEnd.3 MO B%E
E X, control siRNA EAMIZORER LFE L B U T, v 7 AME T 5Kk
pS3LMACO1 RUfE D Bl % A B Iz AN X ¥/ (Fig. 13Aand B), Z D EREFA
M MCP-1 ZNUAMRTHEPERZHELSNTT SO, MCP-1 %446 CCR2 O
W3 TH 5 RS102895 OEE LM Uiz, TORR, RS102895 iX, apelin siRNA HA
MIARDOEE LEIZ L5 pSILMACO1 Mot R EERAE2ERICIHE L /- (Fig. 13A
and B), RS102895 &, CCR2 BAAMZ H ajp AR, ap BEARB X O 5-HT ZAKEH
HTBZZEPHWESNTVEN S, ZhoOZEREN LAY I FAPMEETRD
BERICHEEZEZ2BRERREELRY, Zho0ER» S, MENEMITEWT
apelin-APJ & 7 L OGN & b REFBEI N7 MCP-1 1k, MEEHFEO CCR2 %27t
UTIEBER O ERBEIE L Z EPRBI N,
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0h 48 h

A 00-
CM-Control ° -
SIRNA E
2 4004 Tt
8
& 300-
CM-Apelin %
SIRNA 5 200
®
D -
S 100
CM-Contro! 0-
siRNA CM-Control + .
siRNA i i
RS122895 CM-Apelin + ) +
G SiRNA
CM-Apelin RS102895 i . .
SIRNA (40 uM)

Figure 3. The conditioned medium (CM) from the endothelial cells pretreated with apelin
SIRNA accelerates migration of the vascular smooth muscle cells (VSMC)
(A) Confluent p53LMACO1 cell monolayers were wounded by scraping and treated with CM from
bEnd.3 cells exposed to respective siRNAs for 48 h. The CM from siRNA-treated bEnd.3 cells was
added RS102895 (40 pM) or DMSO and Thymidine (5 mM). The cell migration to the wound surface
was monitored between 0 and 48 h. (B) The migration distance of pS3LMACO1 cells into the wound
edge was quantitated (n = 3). Data were analyzed by two-way ANOVA with Bonferroni’s post hoc test.
and represent the mean + SEM. **p < 0.01 vs. CM-control siRNA, 1p < 0.01 vs. CM-Apelin siRNA.
Angiogenesis 16(3):723-734 (2013) 22 BB (—¥ME)

-29.-



2-3. Apelin siRNA DR TERRNESZ & 2 MR & Bz MIfaE) B o /2

OIR E 7V = V7 ADMEIEIZ B 1) 5 apelin-APJ system DOHIH]I1Z & % M K E Ak 1z 14
LB EHONTT 5720, 0IR TN T ADHEFEAIT apelin siRNA Z# 5L 7=,
HFHEARE S N7z siRNA HPREBHEICEE T 2 h BN 20T, VRY — LR8P
FOZNa—A LRE U T Alexad88 25l apelin siRNA A % ~ 7 A THARIZH S L
7zo TOFER, 5 48 REEOMEIIZ B VT, Alexad88 DiFE NG AR T 12 8
LI N (Fig. 14). — 7. Alexad88 #2ik L 7= apelin siRNA O A% FHEAKRE L=<
D ADMRTIE, FEHRIEALNED 572 295 (data not shown), T DFFEHNE
U RY — LI & o THEBGHIBE P IZ B5E U 7= Alexa488 #&5# apelin siRNA HH3E D D
ThHhdIEeMRRINT,

Figure 14. In vivo delivery of siRNA to the retinal tissues by intravitreal injection
(A and B) Representative pictures show a fluorescence image of the retina at 2 days after intravitreal
injection. The boxed area in (A) is shown enlarged in (B).

Angiogenesis 16(3):723-734 (2013) 53 (%)

OIR E 7V < 7 A DS FRA D apelin siRNA % 5.1 & 2 #iE D MCP-1 FHHE 1T
DWT, real-time RT-PCR (EIZ & D #EF L7z, OIR EF N v 7 AMIED apelin mRNA
FBLZ, control siRNA 5 8HZHWT, P12 LB L T P15 B LU P17 THRHE LA
A BTz (Fig. 15A)s ZD P15 8 KU P17 TH 51 S apelin mRNA D FB_E 71X, apelin
siRNA 512 & D ERICHI & Nz (Fig. 15A). 7=, D MCP-1 D FH 3, apelin
siRNA 2#5-L 7z OIR € TV 7 AT BT, control siRNA 25 L 727 ™ A & kg
UTERLBRAEELAMA LN (Fig. 15B), OIR ET /<7 ADMEIZH 5 CCR2
DFEB % fE M LR EIC X D ME U], CCR2 1, NG-2 B3tk & R i #31

LTWa Z EHHH S NI - 72 (Fig. 15C, arrowheads),
=30 -
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Figure 15. Apelin siRNA increases MCP-1 expression in the retinas of the OIR model mice
The effect of apelin siRNA on the expression of apelin (A) and MCP-1 (B) in the retinas of OIR model
mice was examined by real-time RT-PCR (n = 7 - 9). (C) Representative pictures show an
immunostaining image of CCR2 (blue) and NG-2 (red) combined with isolectin B4 (IB4) (green) in
the retinas of the OIR model mice at P17. Arrowheads indicate CCR2 and NG-2 double positive cells.
Data were analyzed by two-way ANOVA with Bonferroni’s post hoc test and represent the mean +
SEM. **p < 0.01 vs. control siRNA, fp < 0.05 and T1p < 0.01 vs. P12.
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OIR E T3 7 ADKURED apelin FIIHNHIT & 5 25 M4 0D P Rz 40 & B A~ o & iz
B BN 282 502§ 5728, apelin siRNA 25 L 7= P17 D OIR €F
VR UADMBEICB I MENRME L BEMEO —SRaEHERkaziTo -,
Apelin siRNA 25 L7z OIR € 7)< 7 ZADHMIE (Fig. 16 E-H) Tlk. control siRNA
EHRE U7 ADOMIE (Fig. 16 A-D) L T, MIMEEIKIZ D S MEIZ% <
D NG-2 [E1% A RS EE X W (Fig. 16H), Z DM D EWEERIZ 3 1) 5 isolectin B4
B M I P B M 2 3 6 NG-2 B8 EZ I D & & 1. control siRNA % 5-8E D15
L T, apelin siRNA # 5B OMEICB W THEREICHEIML TW7 [control siRNA,

42.79 + 1.05 %; apelin siRNA, 57.01 £ 2.65 % (p < 0.01)] (n = 5).
- 31



IB4 NG2 Merge

Control siRNA

Apelin siRNA

Figure 16. Apelin siRNA enhances pericyte coverage of the newly formed vessels in the OIR

model mice

Representative pictures show double immunostaining of isolectin B4 (green) and NG2 (red) in the

retinas of the OIR model mice at P17 treated with control siRNA (A-D) or apelin siRNA (E-H). The

boxed area in (C) is shown enlarged in (D), and the boxed area in (G) is shown enlarged in (H).
Angiogenesis 16(3):723-734 (2013) /63 (—HikZ)

MCP-1 i, BERPv 707 7 —VOBEPHEMZN U TRERKIGE2ERLI TS Z
EHELDOMARITIVHALLIZTNTNS ¥, £72, OIR TN DR MEHE 11X,
Yo7 RT7 7 —VOEEAPES T Z eAREThTWS 9, 22T, o<
077 =229 % apelin siRNA O TFHRNEGOHBELHSMZT 5720,
integrin-oM i&Z FIWT, w707 7 — YV OREMMIELRA 24T 5 72, Integrin-oM
Bt~ 207 7 — P4, apelin siRNA %2 #5-L 7=~ 7 A OFIEIZ B\ T, control siRNA
ZHRGE UV AL T, DT 2 IC8IMER DA S N BERREITA S W
57z [control siRNA, 8.41 % 0.54 %; apelin siRNA, 10.32 + 0.77 % (p = 0.08)] (n = 5),



2-4. Apelin siRNA QR F BRI ST & 2 RO B MEH £ O ME

M L B EBEESET UAFELRER, BREEEZRTIERHLSATHE
¥, ZZTWIT, OIR EFNIVADHEETAHASNIERMEDOHEIZNT S apelin
siRNA O FARANEREDREIZ DWW THE U7, FITC-dextran ORI & D IEH L -
AP O {5 % BRAR U 7= S5 SR, apelin siRNA 285 L 72 P17 @ OIR €50 < 7 A D
Tid. control siRNA 25 L=<V ADOME L L& L T, EREE2 RTEEMEN
BREIZEA L TWA (Fig. 174 and B), 2415 O 7 AOQRBRE] A O HE #2470,
WFERAOMEF EICHT B apelin siRNA OBELEML /=, FOHE, control
sSiRNA 5= A L LB L T, apelin siRNA &< 7 2AOMEECIZ. HFENIZEA
THOMEMSHALTED, 72, REMRHMER L D HPERAICEET MoK
DELERIZEA LT W (Fig. 17C and D),
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Figure 17. Apelin siRNA prevents pathological retinal angiogenesis in the retinas of the OIR
model mice

(A) Representative pictures show the retinal flat-mounts from the OIR model mice treated with apelin
siRNA (right panel) or control siRNA (left panel). Neovascular tufts (NVT) area is highlighted in red.
(B) NVT area was quantified (n = 12). (C) Representative pictures show HE staining of the retinal
cross-sections from the OIR model mice treated with apelin siRNA (right panel) or control siRNA (left
panel). (D) Intravitreal neovascularization was quantified by counting the number of the cell nuclei
above the retinal ganglion cell layer (n = 6). VT, vitreous body; GCL, ganglion cell layer; arrowheads,
vascularlike structures. Data were analyzed by Student’s ¢ test and represent the mean = SEM. **p <
0.01 vs. control siRNA. Scale bar, 50 um.
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z =

4@, apelin-APJ > 2" )L OHIHNIZ & B MIRMERBLITT 2 HEREH S T
L8, EEMEBLUVOR EFATTAEAWTHREH 21T 572, Apelin siRNA % %
AU R ISR M TR B0 RERESREE TS5 MCP-1 OFRR LA
BHot, TOFFEFEIZIX, PBK-Akt ¥ 7 FIETIZES Smad3 OFFEMAAHES
3 L RE N, X 5T, apelin sIRNA %2 A L 7= MBI O B2 17 12 14
P R D [ B 5 e, E 72, apelin SIRNA ZRIFAARE L
OIR EFL< 7 ADMEETI. HAEMS I B3I &3 HEEORBINANA S
. BEREEOBREME OBEIIMEH ST\, M EORERS, MBSO
Wz B WT, ZHIZEMELE N apelin-APY > F LR EETZZ ik, E
MEMEOEEEOMR IZ & 5 MEEMAOCE B{EE % M U T RIME DMk EE
BTX3WEENPRI N,

MEFHEDOB/RBTIE., 1 FEEUTEETIEMEEOARMETSH S tip cells
BHREEIC, BAEENEETARREMIETH S stalk cells 23k U TAK MO EREL
BREhnd @, ST, AEHBOSE . IEEMENEE S h, HEMTRERL
5 %, ZOBBIZBWT, apelin i, tip cells » S X N, stalk cells IZFHEBHT S
API N U CHIBRE 238 43 Z LB A XN T WA Z L5 5 *L apelin-APJ system
& FEMEORIGHGRWICHEEEZ2EERITIIINTH R Z RIS H
L. U7z T, Elih 5B S o 7o AR T, apelin-APJ & & F NV OET AR 4
WS, MMENETTAILAEIONS  (Fig 18A). MIEEMMBORESIL, B
PRSI NAARMEISIECRESZ 25 8 apelin-APT V7 F B A 5745 R
S TARMETI, HMEEOETICMA T, NEEMBOEBEENE TESE
ZoNnd, ZORFUZ—FL T, 4E, apelin siRNA Z2EA L2 MEREMES IO
- MEHFEHD OR EFNVVAORMETE, IEEMEOEEELEDREZATS
MCP-1 OFEH LR HH S5 N7z, Apelin ik, AP %4+ U T PI3K-Akt ¥ 7 L% AL
TEDHZ LIk T, MM EF ERITIEMIRESIhTWS Y ZhsnZ e
5, MEFEMOMBEIZEB T, apelin DRI E M < 2T 2 MEA RN TR,
PI3K-Akt & 7" )ViEMEAL 2 A+ U - MRS B 5E DR & Smad3 B/ OHEIPEZ (Fig.
18B), —73. apelin-APJ ¥ 7" FVAYET U MEREMETIX, PI3K-Akt > 77 )&

TfES Smad3 DIFHEAIE I D, HFEWT MCP-1 BPRBFFEE S h, MEENHPEOSE
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BFRIZLVWIHENELTVWAZ LAEX 5N (Fig. 18C).
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Figure 18. Proposed mechanisms for the apelin-APJ system on endothelial cells during

angiogenesis

(A) Endothelial cells moving away from the tip cells receive apelin signals since apelin is selectively
secreted from the tip cells. (B) The apelin-APJ system stimulates proliferation of the stalk cells
mediated via PI3-Akt signaling, and inhibits MCP-1 expression by suppression of Smad3
phosphorylation. (C) Reduction of this signaling attenuates proliferation of endothelial cells at a site
distant from the tip cells, and releases the inhibition of Smad3 cascade, followed by the release of

MCP-1 for maturation of vessels.
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Apelin siRNA 2 FHER#EES L7z OIR € FIL< 7 A DO IZ 3\ T MCP-1 DFE
EFRBSNIZH, O MCP-1 OFFEFRIE, 7077 —-VORITIFLALHER
B Z o7z, TOMEHIX, apelin-APJ system A% 4 M4 D 5E51Z 3 W T /RATAYIZ k%
RETOREIZD D EEXONS, ZORMED S, apelin siRNA Z# 5 L 7= §81ETl,
4 I 0D e i 0D A BB TR A I MCP-1 OFB ERANE Z 5 Z & AMHERI X .
Z DFFri7: MCP-1 OFEBEMIE,. v 207 7 —VOBEZ2IFL AL S X0

LDLEZ N,
= 36=



~7 . MCP-1 1. BB E RN EEOMER I HER2 525229 9,
FETEMERE R R EE B OMBIEI BT, MCP-1 X IMEREMRIZRET 2 Z L8
BRTENTWS ¥, X5z, MEEMAEORES %5 & Z 3 TGF-p *® angiopoietin-1
DRBUZ & - TMEME MO MCP-1 2HEBFEEI ., T O MCP-1 AIEF T
BOBER{EETEZZLHAESNIZENTNWS ¥ ZhsDZ i 5, MCP-1 i,
MMM TWBERPY I/ 07 7 - VT 2HEOAL 5T, I REIL 2L
TEHIRFTHEZEMNTRBEINT WS, £, MCP-1 EEFRE~Y Y A& MW OIR
ETNOMETIE, BPRPEORENEDHEMNBET D ZWHELPCINTVS
%, IOEKIIAEMEOBEFRRIZEVEERIINZZ S 4 MCP-1 R
T AORETIX, FEMBEOBEERPETLTHWARMREENEZ b3, ZhdDM
RiX, apelin siRNA 25 L7z OIR EFT VY 7 ADFEIZ B WTHEHE LR L 72 MCP-1
PEFEMEDOARMENORZHMBEOHE2EEIRBILEXFLTNS,

F1EIZIBWT, OIRR EFNVT T ADMEITIL, apelin-APJ system DFERH 2 TEME/L
&0 MEREHEOEBMEIER S h, ERMEHFENS SR IS THEER
U7z, 72, apelinKO ¥ U A% H\W/z OIR EFA YU AT, VEGF BHEHEELEL
TWAZHhhrbod, BENEHRENFLAEALNRA -, AETIE, OIR €
FNR U AT apelin siRNA 2857258, REFAVI T AOHPEETHR SN D apelin @
RELAVIREHh, BREBOREMNEOHRANEHEE Nz, £7=. apelin siRNA
EE L~ OIR ETFTNVT T ZADHBEY control siRNA 215 L7 OIR EF NV T AD
MK TIX, VEGF BRIZEVPBRWI 2SI LTWS  (data not shown), Z#L5
OZ e, BMEREEEORBEIZBEWT, apelin FEZMEITAZ 2izL b, B
MEFHEZ2HEETE DHREMEIRE X N,

PEDZ &Ho, BMERBEDHEEIZBEWT, apelin-AP] ¥ FAE2HEETSZ
rizkh, MENKMEROBEHOMENT X 5 MEEMEOB BREZ M+ L T RRm
EORREFBHTELITHEEINE 2 b,
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BIE RBIMMEREBEOHREEEL L TO APIHEROER G

BIETHE, ORETFTINIYADOHEBIZBENT, FEHIZFHHFE XN apelin AL
EARMIICHEE TS AP 2N LT, NEARMROEREELF R L, BRFE
APRTRENEOHERLZ2FZETDHIIL2HELPIC LA, 5T, BMERBERED
HEFERRIZBWT apelin EAMEMLTWBZ B RHE LA, £, 52 E T, apelin
SIRNA OREFHRAREL & b OIR E 77 ¥ X OIBIED apelin HEL#HIT 5 ¥ . 0
EREMBOEBBENEEE h, RMNEOWE2BETCE 2R LE, Th
LD I P56, apelin-APJ system % [HET 2 B PRNIMEFH EXNFTE B2~
IR BERRE L R TRESE X ohd, £/, BE,. RNLESE%GREY
I T & SR IEIXEE LRV, API B BRIEEERTRE T O M EMRIZED
THMLSHHEL, EEMEITIXIZLALAOhER /I 25, AP HERIE, BE
DOERBELHBLU T, &0 BRGFENNEFELZNHTE Z3TRENEZLLNS,

4-0x0-6-((pyrimidin-2-ylthio)methyl)-4H-pyran-3-yl 4-nitrobenzoate (ML221) I, &%
AP HBET VXA T2 AP LT 20 HEXHREWEXIF AW TH 2 7, ML221
i APTIZX U TEWEBIREZE L. AP EIRFELMEZRED AT] ZEMBIZH U TIE
EAEREELRWI EDBHSMIINTWS Y, —F, ML221 ik, fhD G & v 2 H
HGRZSRAEDOF Tk A A A FBEERB LRV Y VT Y UZREFKICH U THE
EREEZRTIEPEEINTVWENRY, ZhoDZBEEZN LAY FABOR ES
N ADREIEMER EICHELEXZHEBFEEL RV,

FITEETIE, BMERBEEOCHBARERL LTO APITHEZOEREEZHL»
KTBZeZEHMELT,ML221 @ OIR €7V 7 ADQEEREMERT£I1I20 3 2%
BIZOWTHE L=,

-38 -



KB

3-1. MEEEER & AR R OO FEAE

HEMBEARMEIZIE, bEnd3 MifRE AW, HEAEZ, 2-1 THT 5, Mgy
FEREDFEAMMIL, 3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide (MTT) ¥ &
BrdU HX D AKBEDERITIZ & DT o7, MTT Hid. EWAER. HEEFC MIT %
B 0.5 mg/mL T2 3 K3 ITHEMU. CO A Y FaR—HX—AT2HERIGXH,
B# EEERE L 7 well iT dimethyl sulfoxide (DMSO) Z M1 X THIfaZ AL BEE
(A=570nm) ZHETHI LICLViTo7, BrdUM VIAABEZEFT 2720, 15mm
AN—T G A LITEEL MBI EDUES, 10 pM BrdU % 2 BEREL. 4%
paraformaldehyde % &% V) VEEBEHK T 10 SBEE L 72, BEBZREL. DNA 20
KABEES7D 2MHCIHIZ 37CT 10 AERE L, TOH, R VBT MU W L buffer
(pH 8.5) =R T 30 PMHMLETBHZ iz kvhfIL =, 0.1% TBS-Tri THIRL &
mouse anti-BrdU antibody (BD Biosciences) % 4CT—MKER I ¥, H\ T, biotinylated
goat anti-mouse IgG antibody (DAKO) & X ¢ FITC-conjugated streptavidin (BD
Biosciences) % ZR T 1 BT D KIS & &7z, % Hoechst33342 (Sigma-Aldrich) T
MU, AN—TFGRARATA FTFATH ALK, BrdU B DRAAKRERE, 1 ¥ 7Y
7o 0 9 MEFRRS U R (563.20 pm x 450.56 pm) 281} % Hoechst BiEMESD 2 b ©
BrdU MO ZHE T 6 Z LIZ & DHE L, BEMEAND siRNA OEATE
ik, 21 IRHEF B,

3-2, Real-time RT-PCR
1-5 12H#9° 5,

3-3. EREYE LU OIR EFNVO/EH
-1 BEU 3 12%8F 3,

3-4. WML DT
FITC-conjugated isolectin B4 # & (Z & 0 fAILIME O ARM 2 H LU 7=, BRMEE
BE L OEIMNEEROEEIL, Image J (National Institutes of Health) % FI\ T, Connor
5DFHRIE > TiTo 7 B8,
.39.



3-5. Ry OEREARS

WHE U7~ DMSO IZ¥M L/~ ML221 (Sigma-Aldrich) (24 & : 10 mg/kg body
weight/day) ¥ & T¥ SU1498 (LKT Laboratories, Inc.) ((%5-& : 9 mg/kg body weight/day)
ZOIREFNITADPIZA S P16 2T 1 H 1 BEMEAEREL A, Wi |
EOD DMSO 25 L7,

3-6. REEMBLRHE

1-7 (2¥3 %, VEGFR2 ®#H L, rabbit anti-VEGFR2 antibody (Cell Signaling
Technology Inc.) ¥ & T goat anti-rabbit IgG Alexa 568-conjugated antibody (Molecular
probes) IZ X VT 7=,

3-7. BERT RV

BUEIMEMNTIZ. Student’s r-test. one-way ANOVA, ¥ 7=l two-way ANOVA %17 - 7=,
One-way ANOVA O post hoc test & L T, Dunnett’s test % , two-way ANOVA @ post hoc test
& U'C. Bonferroni’s test 217 o7z, % DML 1-8 IZ#3° 3,
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KB R

3-1. MEAEMAOBRMIZN T 5 API HEROMHI/ER

R I A S EE C 4 U 2 AR IOM R M AE B 45 12 1%, A P R AR 0 IS RE A K ST
2o, BENENEMEEFAWT, APTHEHERETH 2 ML221 OMERNEMED
I T B2 REBIZDOWTHRE U, BENENEMEME bEnd3 fild%2 ML221 T4
BT 5L, MIT BxEES & U BrdU B Y A ARV IREREFRICIIG S iz (Fig 19A
and B), 0 ML221 iZ & & faEREHIHFIZI R A4S apelin-APJ system DRHEIZ L 55 D
&% apelin siRNA ZEA U7 bEnd.3 MifldZ HWTHE LUz, TOKR, ML221 2
& % bEnd.3 §IF2D MTT BTHED/E T IL. apelin siRNA 23 A L 7z bEnd.3 MR TIXIE
EAERBNIED o7 (Fig. 19C), F7z. ML221 (k. bEnd3 Milg® VEGF LU
VEGFR2 @ mRNA FHIZHEA2 5 X ko7 (Fig. 19D), ThoHDIZ &h s, APTE
EHIX, VEGF 8 LU VEGFR2 OHEBLUTHE R 5 X 5 Z 72 < apelin-APJ system % [
ETHZ itk MERRMBEOCHEBEZMHTE S Z LRI,

o
n)
O
w

9 O vehicle
_ 120 <50 120 1.57 [l ML221
o -— (=]
%100 , B 40 £.100 H NS @<
E a0 2 5 5 80 g5
B = 30 5 B,
S e 5 g o 58
8 40 §2° © 40 Z30s
g 20 £10 E 20 Eg
z =
0 0O 0 0
0 3 10 30 & 0 3 10 30 ContolsiRNA + + VEGF VEGFR2

ML221 {uM) ML221 (uM} Apelin sSIRNA
ML221 (30 uM) -

+ 1
[
+ +

Figure 19. The APJ antagonist inhibits endothelial cell proliferation
{A and B) The proliferation of bEnd.3 cells following 24 h incubation with ML221 (0-30 pM) was
assessed by the MTT assay (A) (n = 4) and the BrdU incorporation assay (B) (n = 3). (C) bEnd.3 cells
were transfected with the apelin siRNA or the control siRNA. After 24 h, the cells were incubated with
or without ML221 (30 uM) for 24 h. The cell proliferation was assessed by the MTT assay (n = 3). (D)
The expression of VEGF and VEGFR2 in bEnd.3 cells at 24 h after exposure to ML221 (30 uM) was
analyzed by real-time RT-PCR (n = 5). Data were analyzed by one-way ANOVA with Dunnett’s post
hoc test (A and B), two-way ANOVA with Bonferroni’s post hoc test (C) or Student’s t test (D) and
represent the mean £ SEM. *p < 0.05 and #**p < 0.01 vs. 0 pM (ML221), 11p < 0.01 v, control
siRNA, NS, not significant.
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3-2. MBORFMEREIZNT 5 AP HERONFI/EH

OIR ETNY U ADMETEL 2 REMEF I TS AP HEEORZ S H
23579, ML221 2 OIR €TV < 7 AICERERE S U=, EALED P17 D OIR €T
T AE X ML221 IS OFBITFHEH U2 BE72 12 P12 925 Pl6 FTHRE L
P17 @ OIR €7V < 7 ZADOMET I, BRI R MEHERS & CHRIMEHERE <
BEE N7z (Fig. 20Aand B), — /. P12 25 P16 £ T ML221 (10 mgke) % 1 H 1 HjE
FERN# S L 7= P17 ® OIR €7V <7 ADME TR, BEMEFEROZFRLZRBA L (Fig
20C and D) fEMETEMOD A H3 A &7z (Fig. 20C and E), F 7z, ML221 %2 # 5. L 7= P15
D OIR E TV 7 ADMIEIZ B 1F 5 VEGF $ & U VEGFR2 ® mRNA D FEB % fl##fr L 7=
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Figure 20. The APJ antagonist suppresses pathological retinal angiogenesis in the OIR model
mice
(A-C) Representative pictures show isolectin B4 staining in a retinal flat-mount from the OIR model
mice at P17 following intraperitoneal administration of the vehicle or ML221. In the insets, the red
area indicates the neovascular tufts (NVT) and the blue area indicates the avascular area. (D and E)
NVT (D) and avascular areas (E) were quantified (n = 7). Scale bars, 500 um. Data were analyzed by
two-way ANOVA with Bonferroni’s post hoc test and represent the mean + SEM. **p < 0.01 vs.
vehicle.
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Figure 21. Influence of the APJ antagonist on VEGF and VEGFR2 expressions during
pathological angiogenesis in the retinas of OIR model mice

The effect of intraperitoneal administration of ML221 on VEGF (A) and VEGFR2 (B) mRNA
expression levels in the retinas of the OIR model mice was examined by real-time RT-PCR (n = 4).
Data were analyzed by two-way ANOVA with Bonferroni’s post hoc test and represent the mean +

SEM. **p < 0.01 vs. P12,
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Figure 22. Effects of the APJ antagonist and the VEGFR2 inhibitor on retinal angiogenesis in
the OIR model mice

(A-C) Representative pictures show isolectin B4 staining in a retinal flat-mount from the OIR model
mice at P17 treated systemically with vehicle, ML221, or SU1498. In the insets, the red area indicates
the neovascular tufts (NVT) and the blue area indicates the avascular area. (D and E) NVT (D) and
avascular areas (E) were quantified (n = 5). Scale bars, 500 um. Data were analyzed by one-way
ANOVA with Dunnett's post hoc test and represent the mean + SEM. *p < 0.05 and **p < 0.01 vs.
vehicle.
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Figure 23. VEGFR?2 is highly expressed in the endothelial cells within not only neovascular tufts
but also normal vessels

(A-D) Representative pictures show double immunofluorescence of isolectin B4 (IB4; green) and
VEGFR2 (red) in a retinal flat-mount from the OIR model mice at P17. The boxed area in (A) is
shown enlarged in (B). Arrowheads indicate VEGFR2-positive normal endothelial cells. These
pictures were taken with a confocal laser scanning microscope. Scale bars, 100 pm.
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