(A4 )

I EAER

M FER e RS

WHFERSEH 4 &

e ek K4

ESIND/ TR I

Sy HARFFE

PZEiRE 4

WHFERASE S A

e ek K4

[16gm0610014h0003]
ERE 294F 5 A 26 H

WOk 28 A FZFE P JEOBH R K R WOE &

(AAGE) HErHyScumbFZe Bl 7 B3
(A (AR S AR « B « e O 3 v b U — 7 BRI IS < Il E R 5
B0 OHAMAI ) W aE

(#  F&) Advanced Research and Development Programs for Medical Innovation

(FAFE) BRI T- O I 2 7 2235 < BB 7 IR O A

(I EE) ANovel Approach to Drug Discovery through Receptor Activity Modification

(AAGE) RFBREFRIFER TEERWETHE Bk 1T
(I  F&) Department of Cardiovascular Research,
Shinshu University Graduate School of Medicine, Professor, Takayuki

Shindo

TR 284 4 1H ~ P29 3H31H

(A AGEE) RAMP ZAZHy & L 7= AISRAFE

(3= EB) Drug Discovery Research Targeting on RAMP

(HAGE
C

I FBROME (RIEHERE)

AM—RAMP2 ¥ AT L DM S REVEM

TRV AT 2 U (AM)IE, AEIERIERICRE £ 63, 2R RAEHIEEEZ G957 F NKR T
Thd, TxlTINET, AM B L AM ZHEREMERE 2 737 RAMP2 OARE ) v 77 7 k
~ U A()D, HEITHEOFARFIZ LI BHEPEICESt L 25 2 & & BT E N BRI R R
I RAMP2-/-t . Z D% < IIAE OREERE & G MHEEIC L0 HABRNICBEE L 25 2 &b,
AM-RAMP2 & 23 L& DI A RIS NI O LI HBDR - THDH Z L #ALMNE LT,
— i RO MAE 1T H AM-RAMP2 2 DB FDFEANIIA Th 5 ARHEFE DML TlL, RAMP2

1



Bin A~ U A2 T Wire injury model 2 1FEa L. AM-RAMP2 5% O BEA B HY B 26 & FR
L7z,

F9. RAENELND RAMP2 ~7 1/ v 7 7 v b~ A(RAMP2+/-) % W T, KEEEHRIZ
Wire injury 247\, BrAERNBRE 2 e Lz, 4 BE%,. RAMP2+/-TIXE AR < 7 A(WT)IZ L
i LC, ABICHAENBRERTUE L, BN EOME], SEIE o TLE, e, SR
D~ 77— T, RIEMEY A B A R (LA B LA L~ULDTTHEEE RO -, RIZ,
FRARIZ B W THLE N AR RAMP2 RIBAFHET 25 2 LA TE 5, 8 M4 N B A ke B2 A9
RAMP2-/-~ 7 A (DI-E-RAMP2-/-) Z VERK L CRIBRDIRFT 21T - 72 & 2 A FiAENBER R O ¥ 72
TLERHER Sz, S 612, Bl G 2 RET 570, BHBHABMT) 21Tk -7
& Z A, RAMP2+/-775 WT 12 BMT %4778 > 72~ w7 A2 Tld, RAMP2+/- & [7]%: O 3 2E IR A
D BT,

PLES . AM-RAMP2 %1%, B NEEAEEN, SiRIEMFEH. Pk A L ZERIC X 0
AENBERZIEIT D Z &, &5I22 9 UL S REER I8 B b sk i s B AL o B 573
IR X T,

AM-RAMP2 ¥ 27 L OB M EF AR T 2 EE

AM [ TEERR R L v BT 5, Loy AM-RAMP2 52 OIS HrAEIC B 1T B IRes
HYPHERIIAH TH 7o, AMEEOIETIZ, AMBLORAMP2 ~7T 1 /) v 77 7 h< A
(AM+/-, RAMP2+/-) & F\ ClE 75 EMIFIE(OIR) T T /L A 1ERL L. AM-RAMP2 % OO 151 & 3t
BIZBITDERLRF Lic, AMH/-TIE, i sl OB 32 ek N 8 UL a0 AR 8 23 40
il S IKEESR IC L D VEGF <° eNOS FEHLTHEMINH] X AT 7z, in vitro (2B TH AM O
B A 5 PN R AR e 3 D B8 « BRI SR Sz, — . A FEE M i A PN R R A R R Y
RAMP2-/-~ 7 A (DI-E-RAMP2-/-) & W5 Z & T, HEERBEOMBEIME FAE BN TH,
AM-RAMP2 RN EETHLZ EH#HLMNE LT, EHIZO0IRET/IZEBWT, AM HUEDRY T
RN GRS BT AE 2 ME$ 5 2 LB LR o7,

AWFFEIZ LD AM-RAMP2 1%, J9fY « AEBRAOMEIR M 87 AR O W OF IS BB e e %2 K7 LT
HZENRHLMNE ol AM-RAMP2 Ri%, MMM A 842 2 & 7o THRE BRI BV TR 72 227598
B L 72D 2 RIS D,

AM-RAMP2 R Z1ERY & U 721G IRBRA SR

ERNAEBIEMER T1X, AEROMEETEMERF O 72D OFRISER 7 & LT, M- igisii oA
HEEIZ B W THLINEEIZ 72 LT D, —FH T, [BHROZER ORI - Il T, AERIEMHR
T OEREWIT HEREE O AT ARFIET D, AWIETIL, EBGMER 7 OFF HiE s A
T L THD AM-RAMP U AT AZ X DAEROIEFE MRS L . A L RAINEEE L5 &
ZENDBEEIIED A = A LEMII L, & OBFFERRER & TR B 72 St 5 AI3RIC R R
LTW5,

Vasoprotective activities of the AM-RAMP?2 system in endothelial cells

Neointimal hyperplasia is the primary lesion underlying atherosclerosis and restenosis after
coronary intervention. We previously described the essential angiogenic function of the adrenomedullin
(AM)-receptor activity-modifying protein 2 (RAMP2) system. In the present study, we assessed the
vasoprotective actions of the endogenous AM-RAMP2 system using a wire-induced vascular injury
model. We found that neointima formation and vascular smooth muscle cell proliferation were enhanced
in RAMP2+/- mice. The injured vessels from RAMP2+/- mice showed greater macrophage infiltration,
inflammatory cytokine expression and oxidative stress than vessels from wild-type mice, and less
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re-endothelialization. Following endothelial cell-specific RAMP2 deletion in drug-inducible endothelial
cell-specific RAMP2-/- (DI-E-RAMP2-/-) mice, we observed markedly greater neointima formation than
in control mice. In addition, neointima formation following vessel injury was also enhanced in mice
receiving bone marrow transplants from RAMP2+/- or DI-E-RAMP2-/- mice, indicating that bone
marrow-derived cells contributed to the enhanced neointima formation. Finally, we found that the
AM-RAMP2 system augmented proliferation and migration of endothelial progenitor cells. These results
demonstrate that the AM-RAMP2 system exerts crucial vasoprotective effects following vascular injury
and could be a novel therapeutic target for treatment of vascular diseases.

AM-RAMP?2 system in retinal angiogenesis

AM expression is strongly induced by ischemia; however, its role in retinal angiogenesis remains
unknown. We analyzed oxygen-induced retinopathy (OIR) model using heterozygous AM and RAMP2
knockout mice (AM+/- and RAMP+/-, respectively). AM+/- showed smaller avascular region and low
oxygen region compared with wild-type mice. In AM+/-, pathological neovascularization and
hypoxia-induced expression of VEGF and eNOS were suppressed. In addition, proliferation and
migration effects of AM on retinal endothelial cells were confirmed in vitro. Next, we studied retinal
angiogenesis during developmental stages using drug-inducible endothelial cell-specific RAMP2
knockout mice (DI-E-RAMP2-/-). DI-E-RAMP2-/- showed abnormal retinal vascular pattern in early
developmental stages. Finally, we revealed intravitreal injection of anti-AM antibody reduced
pathological retinal angiogenesis in OIR model. The AM-RAMP2 system is crucially involved in
pathological/physiological retinal angiogenesis under hypoxic condition and in development stages. AM
and its receptor system are potential new therapeutic targets for controlling pathological retinal
angiogenesis in ocular diseases.

Drug Discovery research targeting on AM-RAMP?2 system

Bioactive humoral molecules play central roles in the regulation of homeostasis as the method for
communication by cells and organs. On the other hand, cells and organs have control system for the
information transmitted by the bioactive molecules. We studying the mechanism of vascular homeostasis
regulated by AM-RAMP2 system. We will apply the research results to the drug discovery for
lifestyle-related diseases.
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