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eGFR

ELISA

ESRD
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FLIPR

GFR

HBSS
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Adenylate cyclase

Angiotensin converting enzyme inhibitor
Atrial natriuretic peptide
Angiotensin type II receptor blocker
Area under the curve

Bovine serum albumin

Blood urea nitrogen

Body weight

Creatinine clearance

Chinese hamster ovary

Chronic kidney disease
Cyclooxygenase

Diastolic blood pressure

Dulbecco's modified ragle medium
Dimethyl sulfoxide

Extra cellular matrix

Estimated GFR

Enzyme-linked immunosorbent sssay
End stage renal disease

Fetal bovine serum

Fluorometric imaging plate reader
Glomerular filtration rate

Hank's balanced salt solution

Hematoxylin-eosin
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HEK Human embryonic kidney

HEPES 4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid
KDIGO Kidney disease improving global outcomes
KO Knock out

LC-MS/MS Liquid chromatography-tandem mass spectrometry
LPS Lipopolysaccharide

MBP Mean blood pressure

MC Methylcellulose

MCP-1 Monocyte chemoattractant protein-1
MDSC Myeloid-derived suppressor cells

MEM Minimum essential medium

Nx Nephrectomy

PAS Periodic acid-schiff

PD-1 Programmed cell death-1

PGE» Prostaglandin E»

PK Pharmacokinetics

PLC Phospholipase C

PRA Plasma renin activity

RAAS Renin-angiotensin-aldosterone system
RBF Renal blood flow

RPMI Roswell park memorial institute

RVR Renal vascular resistance

SBP Systolic blood pressure

SD Sprague-Dawley

SD Standard deviation

il



SEM Standard error of the mean
STZ Streptozotocin

TAM Tumor-associated macrophage
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MR DORERUTARERIR & ZNITHE S IRBENDR DR 7 v DEBIKRTH D,
B MIBWT, X7 r AIEARICENEIN 100 HEFET D L ST

Eh D 22 HEEEIL, SRERIRICIR T 2 Mg ol FEIROARK) . ZIiThe
IRMEZ BT DIFIRDNO DKLEME, 7V a—A, 7 I /i EDARIC
WBLIR o DRI, ET2IIRLER R DR A~DGWNRET D, S

Hiz, BliETiiv=2, =V AuRx=F | 1,25-dihydroxyvitamin D3 72 & D 7R

]

WEVEEBITON TV D, BIBIIEREOHERF, A AT U 200K, 1L
JEFREN, ZBEY E 7T m M E DRI~ DHEH ARV 23T K D AR

RERAHEI 72 E 2o TRV | ARDOEFEMMERICB W TEEREH 2R LT
WHEZZHITWD (F)I1,1996),

— T, BITEMEHE RN 72 OB SR AICER LT, Blgo 1 TH
% ARERIRIR B AE CRERIRIEIB SR, GFR) 2SFERFEAIICIR T 9 2 18 M B s
(CKD) 23FIE, H#RT 2 Z ENMONTWND, SRERIKIZIIT 5 Fioiay 72
ICRERIREE L 2 8, R S8, F 7o, Frfeid 72 R B E PR Al [ O
Mefb A e S 2, PR VERRHE(L IR A B BB B RE DR E . S 6
(IR R o MATENREREHE 2 51 S 2 L, SREMIAIEIEHEED S 572 51K
TEHL<, ZO—HORELE(LITBHREFE~E 5 final common pathway & L

TSN TS (Nangaku, 2006) . SREKATEEFEME 425 & MEHF o7 v
T = REN B F g VT = R E ) B S D estimated
GFR (eGFR) fHEZME T35, & HIT, AREREANY THBEDOEEF LD FEOKR
TV DIFIR T~ 2R &, R 7 o7 P& oiins LTh i
SND, U LORENS | (ERZEC A A R EoBREE I, migd
I VT F=URER K OURP S X s PEIEESBIRIC 1T D SR ER I RE O R
L L THAAENR TS, Bk (KDIGO,2013.Fig. 1) SHIZZAAR (AR

742, 2018. Table 1, Fig. 2) 1281725 CKD OEFK & 7 L—T 4 » 7EICHE



LTH, K7 LT F=RENSREMBIND eGFRIEE R & /37 T L
TIVHRETHEIN TS, eGFRIEEME TN T 5132 E, S HITITRFP &
N FETFIT AT I YR ENHEINT 213 EEER CKD 7 L— R & L T2k
EEhd,

FEHEENZR VT, BRA N D 10%LL 23 CKD Z35E LTV 5 L HEE T 5
#7238 % (Lopez-Novoaetal., 2010) , —fixSEHTi, BHEEOIK T, 2% Y CKD
7 L— ROMATIR LB R & 2T R, S SITITBEITBIT~OMN L2 /&
K+ ThodrEEXLNTVND, Lo T, CKD ©7 L— NERZMEIT5 2
ClE, BEOTREAYGEET D LT, S HICEITEAIZL D QOL DX T B
CETHIFFITAHTHL EBZ NG, £lo, BITICEAL TX, HEOERE
BIEBOBERDO—2 Lo TEY | FIZEMEEFERDZ WV AKRITENTITA
TN O MEREREEIN 1.6 JKMICET 5 L@l Sh v (AT B,
2019), HARBHIFENOLOMREICLD L, BIEREZZITTWDH CKD BF
0% 2017 HFRDEERET 334,505 N Th oz, ITHFERFEOMONTHEL L T
HHODO, AH 100 T ANH7= 0 OFEHTBER (FWEELTRT) 134~ BIIME
[CHY, 2017 T AL 100 HFAHY 2,640 AT, EEK 380 A1 A
NBITRE THDH Z ENWMESH TS (HARBIT 2, 2018.Fig.3), L - T,
CKD 7' L— FHERIMHNIC K 2B ~DOBATRIMbNIL, B DO RFRF i o I
EEBIEREHELDOBRICBWTHOREORETH L EEZ BN TWD,

CKD RIERHER D Y X7 L7 2 R BITIE, M, s, miEMmE
BLOMEMAE £ 5 (Hall, 2006) , FRIFERIFICE L TIEARRNZHIC I
FLTHY BUIEDO TR TIL. 2030 4 F TITHERFEF OBUT R T 423,900
T NIZHINT % & PRl ST 5 (Shawetal., 2010) , BRI O £ 72 B OHEI,
W As b R0 LA R B 7 & O RIMAE G OFE, £ 72 1XBE, MBE, stk e &
OWUNE G OHEIC BT 223 & 5, Z OH THERPIEEAE, S F v @i



PR L7z CKD I, BERIE D& S IR EOHED 1 D TH Y | FERIGE
FHD 353D 1 PHERIFERIEZ BRE L TODHEE SN TS (Akmal, 2001),
o BERIF BT 23 B & 7 5 R ML g O E R JRRRE ThH D 2 &
REIHI TV D (Gilbertson etal., 2005), A AIZIBWT S, HAGEN T2 2018
FAZHE LB IS B8 OJFRBEI G ORI L 5 L. 2010 FLUED S
2017 £ TEHENT~BATT D HERBOE 1 MLWERIF & 72> TWD (HAS
Mreeas, 2018. Fig. 4), £ T, CKD BEHITEITHEIRFORERED EFIC X
. Iz 5 & TS5 (Hill and Fogarty, 2012; van Dieren et al., 2010,
Coreshetal.,2007), LA EDZ &b BERIRTEBIEICBES S CKD DOypfEdE
BAIHIT 5 Z L IFER=—AOFEWT e —F L2 H T ENTE D,
CKD FEIRIZ ISV T, BRI PETRE O e A ik 9~ 2 BUIE OREMERR LI, i
REHERIZH T 2 fERIA 1 & B 2 B AL T 2 B E RS & OV Af o il 82 555
WTW D, MHEE A HIE S5 72 80 OBAE D MUK Pk I KON A 2 il
FTRHIODT X FT T R ERILESR (ACED) ., 7o X4 7 v 1%
ARIERIE (ARB) D52 X 0 BERIFEBIEOEIT 2 H O RERESEH 2 &
MTETWVDHN, TOMRITHTIEARL< . CKD BEOLMERBOMREESE
RO Y AV IIRTEEWVEE & 72> T 5 (Lambers Heerspink and de
Zeeuw.,2013), L7228 o T, BERIATERIE DT 2B T2 OBUTIR I T
B IBRRIE F 7B INEE OB AR RO SN TV D, ZD7h, RIFFET
(T BURE RIS PE B TR A A 1R R T S BRI E A BlAR LT, PN
RO SR £ 73 B DL - T IR OFE R IR ML B A T ]
L LT, PGEx-EP4 receptor axis (245 H L. 1R EP4 receptor antagonist D HE
FaFEM LTz, S5IZ, RWH EH7- EP4 receptor antagonist % VN TAFE in
vitro s, PK BRI L 5 BRI ARERI O % ¥ 7 7 2 T4 X S HITI134%
HB BT T /VIZET D in vivo FRHEN & —HOWFE 21T > 7o, RBITHHL



EP4 receptor antagonist OHERIFIEBIEIRFIE L L COHF MM, S bITITWEE
JEAZ 5 28 DI T ORRGE & 1T - 72,



Table 1. Current CKD diagnostic criteria in Japan ( H AR g4, 2018).

LTOWThHrH3HBE8BATHFE

BEEDIEZE | 7/ 7 3 2R (AER=30 mg/24 k55 ; ACR=30 mg/gCr)
RILEDESE
RAEEEICLIBEREEELIDEILORE
RIEHEBREICSIIER, BRRECSLIWERS

BB

GFRIET GFR<60mL/%/1.73 m?

AER : R 7T I DHEMER, ACR: R7IVT7I>/Crit



Prognosis of CKD by GFR and albuminuria category

Persistent albuminuria categories
Description and range
A1 A2 A3
Prognosis of CKD by GFR
and Albuminuria Categories: Nor!::jall to Moderately Severely
KDIGO 2012 ing"r;a; d increased increased
<30 mag/g 30-300 mg/g =300 mg/g
<3 mg/mmol 3-30 mg/mmol =30 mg/mmol
&E G1 Normal or high =90
™
~ o ]
- O | G2 Mildly decreased 60-89
z &
Eo Mildly to moderately
E S G3a | jecreased S
—c
0o Moderately to
% "é'_ G3b severely decreased 30-44
o0
-E % G4 Severely decreased 15-29
=]
o
"0" G5 Kidney failure <15

Green: low risk (if no other markers of kidney disease, no CKD); Yellow: moderately increased risk;
Orange: high risk; Red, very high risk.

Figure 1. Current chronic kidney disease (CKD) nomenclature used by KDIGO
(KDIGO, 2013). CDK is defined as abnormalities of kidney structure or function,
present for > 3 months, with implications for health and classified based on cause, GFR

category, and albuminuria category (CGA).



CKD DEEEDFE(CKDZEH 1 K2012)*

B&EE EBRX S Al A2 A3
R7IWVIILEE N2y WMEFINTIER EMETIVIICR
, (mg/R)
RRR R7IT3I/Crik
(mg/gCr) 30K 30~299 3008k
SmE
BL REATEE - BEEAR SEEAR
ZREBRE (g/8)
ZiEE REA/Crtt
;! (g/gCr) 0.15K% 0.15~0.49 0.50Ll
Z DAtk
Gl | E¥Zxrld=E =90
G2 | EEF-IEEERT 60~89
GFRED | G3a ##g~chZEET | 45~59
(mL/% P —
/1.73m2)  G3b FEE~SEMET  30~44
G4 SERT 15~29
G5  FEIBE T2 (ESKD) <15

EEEIIEEE - GFRED - EARKA#EhE AT —JICL)EHMET 5. CKDOEEEIFFET, KR
BErhe, DMERREDOV X7 EHZMDIAT—VEHEEL, &, FLoYm, FEOBEICZT—
PEFTREEVIVIELEFTS. (KDIGO CKD guideline 2012 % B A FICEZ)
FIOPEOREEZETE, PLIICROESEE R, BRRE-IERFRERFHEETH> THET IV
TIVREFEDBEIIWL, SHARAICTEICEREYBOS N TWS. BERHEICENT, REETI+LULEDEES
PHEREAEDRDOIHBEERTIVI I VEEIRETRO SN TWEWE®D, BEDRETFMT 2012
EEMRBEZTIBEIREBEE 212517 5.

Figure 2. CKD classification based on cause, GFR category, and proteinuria and

albuminuria category (CGA) in Japan ( H A& g2, 2018).
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Figure 3. Changes in the number of chronic dialysis patients in Japan (1968-2017) and

prevalence (compared to 1 million population, 1983-2017) ( H AT 42, 2018).
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Figure 4. Changes in the primary disease ratio of chronic dialysis patients in Japan

(1983 - 2017) ( H A543, 2018).

10



<

=

85— EP4 receptor antagonist T& 5 ASP7657 D IKEFRI/EH

DIRALE

11



B Hx
TOAET TV NE, v atFx s —1 (COX) I EAIND

T IR RUBRREMO 1 o Th D, TOFEERBH TH D PGE 1T, 1T AL
Dlifigsds L OHAE T4k <41 (Narumiya et al., 1999) . F /=45 C OEAJFERRIC
B ORI R % 67257 (Breyeretal., 2001), PGE» 2 & AEEE D FRH
PHAS L. 2% 30 AERI ORI FUC IV T, MR, RIE, A 1B, . B
FERIE 72 & DEAEZIEIR OIEHEIT agonist & antagonist D BT TIRIERN NS
FFESND & PRI TE 7= (Hattori et al., 2005; Regan, 2003) ,

IR NWTH T r R 7T D35 < OAFERER X OYRREAFSH)
TR ADEBEBIFEAT A =—F—Thbbd, TOHFTH, BB TRD
BEIHFET DI R AL T Z Y0 Thsh PGE L, RIE, IRIEFEME, salt-
water balance, B ML, SAREREEDMITERE, L =04 & TR AW
TutAZBWTEEREEEZ R L TWD (Breyer et al., 1996), X 512,
PGE, DFEATHEHITH 5 COX PLEAIA CKD FBF DR & 2737 Pt i 2K
TE®2% (Vogt et al., 2009) & DHENRHDHZ Lvn, CKD OJRREERIZEH
PGE, DL LT 5 EHEZZ S D, — T, COX FREAIK G2 L - T

MREDIKRT, SHIZIE GFR IR TRFHEINL L bMESNATVD
(Clive and Stoff, 1984), &> T, BMIZI VT PGEy D ¥ 7§ X TxPAE
T5Z L ITRAINCITBHEEIC R LAFIRE b0 bo L Ex bz,

PGE» 1, G X v VBB D 4 SO ER T u A& 75V (EP) ZH
& (EP1, EP2, EP3 BXUEP4) # /M LT /P %iniET S (Fig.5). EPI
BLOEP3 T —MICTIIMEWHENIETH D & SNTWDHA, Gs & /X7 LI
% EP2 3 KL OVEP4 1&g otz (B L7 /EF 2 %6819 % (Narumiya et
al., 1999), Bin T KO B L OWERRIEMIEICL D, 2N Db D EP AR Y 7 ¥
A TR BN TR 2 A TR L ORBEABR AN R EHT 52 &N

12



HOMNZR > TNDZ END, FFED BP 2 FIRT 7 X A 7 DI % A E 721X
PHET 252 & T, CKD WRBICBWTAHRRIEHOAZGI ST LN TE S
AIREMEDS B D L HEER S HLTe, < OIFFERE BRI, BB TR B IAFEI L TV D
EP4 SRS, & F S RBEEORBAFHFIZB W TEERER 2 R-T 2
EHRGRSRE LT D, EP4 Z 25K mRNA [XIEH 72 Bl ClrE IR ERIKICH
TEL., — 5 CHEIRIESAE T CraRmeE Egiia, MMz KO podocyte (2
EEICRBENFEESI NS (Stitt-Cavanagh et al., 2010), Podocyte T? EP4 %
ROBRIFEHIL, CKD 7 v M ETAVOREREREES KON VX7 JRE2HEL S
W52 ENHIE SN TS (Stitt-Cavanagh etal., 2010), & 512, EP4 25 {A 15
PRI agonist DIEMERE 513, HERF~ T ADT VT I PR & BRRMEL 2 B L X
5 ELMEZN TS (Mohamedetal., 2013), 245 D% FLIL, PGE: 23 EP4
SREEI U THERIEHERIE A B S £ S E R BHREBORIE & EITICEER
BENEZREZLTWVWDEZLEZRBLTNS, LER- T, IR EP4 ZRIK
antagonist |38 PRI MERBHE O ERINHENIC A TH 5 FTREMRN @V L RE T 77,
UEDZ LZb o T, mibEZER Lz CKD T D BEIRpMEBE O Br#lin sk
M & L C D EP4 Z BRI 721K55 1 antagonist AL H 5 L, ARFEE
BRLA L7,

FFIHBEICT AT T ARIEEA S (Astellas pharma Inc., A, AA) T
AR E T, PGEy L [RIERIC T B A& /) A RIZHFHE D PGL ORI HT
% agonist {LAWREC KT L, &8 EP A ARFBMAONE A FW o/ 6 23R T
27 V== 7% FE L, EP4 ZRRIEIIEZFOMEM ORI ZRE L
Too FHEZOBERIZASTE EP 2RI 6T 2 1B IRMERER . EP4 S AR FTE M
AR, HRENRERER S K OV invivo B (PD 3R, BREET VRHE) (21T
2 el AS RAZEE D W T AR TG Wi b G Rl a2 31T L7/ R, a9Izs

FI R 72 EP4 24K antagonist T 5 ASP7657 % RWHTIZE - 7=

13



(Fig. 6) o
REETIX., ASP7657 DA&FE in vitro IKFREER . (KNENRERER TS L Y ex vivo 7R
BrAa FhEd 5 2 & T.ASP7657 DR T 10 7 7 A L ORI % Fiti L 7=,

14



B_f  EERE
AE

ASP7657, trans-4-[({[1-(quinolin-2-ylmethyl)-5-(trifluoromethyl)-1H-indol-7 yl]

carbonyl} amino) methyl] cyclohexanecarboxylic acid methanesulfonate (1:1){£7" A
7 7 ARG AL (R BA) ICTER S, invitro iR TIL, ASP7657
AN DMSO ICTIRfRL, 7 v ANy 7 7 —THRDOREIAR LI,
T ANy T 7 =D DMSO DigfbiREIE 1% &8 72-o 7, KB
BRI T ASPT657 1% F 3 L ONRIRI B 5T 0.1 M ERIRAKSE T T U
T DRI IR S BT, exvivo SERIZIS 1T 5 HhRHIEIZ 35U T, ASP7657 13
O 5 HIZ 0.5% MC ¥iRIZ TR L7=, [*H] PGE2 % PerkinElmer Inc.
(Waltham, MA, USA) 7»bREA L, iz & b EP4 AR 2RI 5 IR 55
X Chemicon International Inc.  (Billerica, MA, USA) 7 HHEEA L7-, LPS B
PGE, (%, 1 £} Sigma-Aldrich (St. Louis, MO, USA) ¥ X 0" Funakoshi (3

., BA) »EEAL-,

B

HEME SD 2~ B i, Charles River Laboratories Japan (#1Z43)11, HAS) 75
AUl T _XToEME, R, A, HE (12 RFFOBREYA 7 v) A3l
SNTRMET T, £EENRTROBH L KZBHICERTE 24T T
fE L7z, B4 I28RIL the Association for Assessment and Accreditation of
Laboratory Animal Care (AAALAC) International 2> H5REZ =T CWDT AT 7
A BURHUPATIE T o F — O B E R Z B R0 b AR 2. i
L7,

15



Binding assay
1. & b EP4 ZRIRA~DFGEY 772 R 6 FE5R

REBIL, FEKAT 4 DRSS B ET DIEHEN 2T » & A FIEIC
fit> THME L7z, [*H] PGE2 3 nM) % & [ EP4 Z 2RO MM S i
L. ZDO%IEIEREED ASPT657T RN LT=T v A /Ny 77— (50mM
HEPES-NaOH, 5mM MgClL, 1mM CaCl, 38X T8 0.5%BSA) & & Hi2A »F =
R—var L, BRT 1 KHOA UFaX—Ta VHIMO%, gy
77— (500 mM NaCl & 0.1% BSA %% ¢ 50 mM HEPES-NaOH, pH 7.4) %
ML TR %181 L. Cell Harvester (PerkinElmer Inc., MA, USA) Z i L T 96
¥ = /L GF / B UniFilter 7L — MZ K52 A a2 £ L7z, 74 V¥ —%
TITE, T4 IR SN S Y T K% TopCount Microplate
Scintillation Counter (PerkinElmer Inc., MA, USA) ZfEfl L Th v b L7z,
Nonspecific binding (% 10 uM PGE; Zffi ] L THRE L7z, [*H] PGEx DFFEAJHE
B D 50%MEEZ G| S Z LM ORE (ICso) (L. AR D BIFE AT 2
AL CHRE Lz, BLEEE (Ki) 1X. ROKXEMEH L THE L,

Ki=1Cso/ (1+[L]/ Kd)
Z 2T [LNTEEMEY T Ko Kd 1X Scatchard plot.7)» 5 15 & A 7= ikt ik
Uy ROMBEERTH %,

2. T v b EPAZAEROEIEY T Rib6 FER

Z v N EP4 Z AR % —Rei9IC 38 B9~ 5 HEK 293 flifa s> & O fa i 4 12
[PH]PGE> (0.3nM) ZIRIN L., D% S F S F 72D ASP7657 NIk S iz
7 vEA /Ny 77— (50mMHEPES, 10mM MgCly, 0.5%BSA) & & HizA >
¥ 2 ~_X—3 g L7, Nonspecific binding /X 1 pM PGE Zf#H L CTHRE L 7=,

FOMDIRT A—2—HEIL. DOt N EP4 S RINFES L8 L FEED i1k

16



THEHE L7,

HIBEAN Ca? B E ORIE

7 v b EPl £7213 EP3 A A2 56384 % HEK293 Mifld 2, 10% FBS. 50 Ht
fAr/mL _=3V > 50 pg/mL A S L7 h~A 2 02 mgmL G418 % & e
DMEM % MV T 37°C, 5% CO, DT THE L, Znoofidz, 1 7=
L& 720 10,000 & T clear-base 96-well poly-D-lysine coated plate black-walled (Z
FRFE L, —MeErER Lo, HEY AIC, Mifd% 20 mM HEPES (pH 7.5). 0.5% BSA
BLR2.5mM F'r xR & Calcium 3 reagent (Molecular Devices Corporation
Japan, A, HA) 2&Te HBSS Nv 7 7 —|ZCHIR, BT T3 KA > % =
N—hL7, WIZ, Tv—baEA A=Y 77— —%—FLIPR
TETRA (Molecular Devices Corporation Japan, H R, HA) (2K L7z, £ 35
iz S F S ERRED ASPT657 K L 5 A »F 2~— bk L, &KIZ 100nM
PGE; & 3 53filA v FaX— kL7, 26D 8 3MDM, Ca’ JREDIEET
b HARNE DR ELEEE =% — LT, PGE, ZiBI L7=#% O KEN>
TFIVING, KT = /VIZ PGEy 2B INS D RIDE G 7 F V& 22 LW\ TRgT
WA L7z, ICsofElE. Sigmoid-Emax FERRTE IR oAT 2 W THEI L7,

cAMP L~ L DHIE

7 v b EP2 7213 EP4 R A% JE B9 5 CHO #llda . 10%FBS. 50 HifL
/mL~_=3Y > 50ugmL A LT h~A T BLO0.5mgmL G418 %5
Tr a-MEM H5H1%Z FUNT 37°C, 5% CO &5 FCHi&E Lo, 2o Offila% 1
7 L7 0 50,000 E T 96 well plate (ZHEFE L, —BikiE Lz, HIEY HIZ,
B A2 BN 2 upM DA > KA X L 0.5% BSA Z &3 o-MEM [ZA3HA L |

KIZ a-MEM-IBMX Ny 77— QuM DA > RAZ T 1mM3-A1 V7T )L

17



Q- AFAFH L F L 0.5%BSA &S Te o-MEM) (ZA5H L=, #lfi %  ASP7657
DIFAE T £ T21EFEAFAE T D o-MEM -IBMX FEHEfiK T, 100nM PGE; & & H1C
37°C T30 filA Fa~— bk L7, Hzfri L, Hildz 0.2% TritonX-100
in PBS TI&fif X H7-, BMEEF D cAMP L)L % homogeneous time resolved
fluorescence-based assay kit (Cisbio Bioassays, Bagnols, France) % ffi [ L CHIE L

72 ICsofilX. Sigmoid-Emax FEFREEIF AT 2 H L CHRH L7,

Jurkat # A AV 72 PGE2 53 cAMP EEA~DFR DR

t b Jurkat T#lfE (7 @ — 2 B6-1; RKRHAARFEARIE, Kk, HA) L. 10%
FBS. 50 units/mL ~X=3U > 50 pg/mL A k L7 b~ A > > % & RPMI-1640
T37°C. 5% CO» DA T THE LTz, FEBRIT 384 well plate (5,000 Hifid/well)
. 20 mM HEPES, pH 7.5, 0.5mM IBMX, 0.02% CHAPS, 2uM A > K A ¥
>, 0.5%BSA %% Te HBSS /N 7 7 —C ASP7657 33 L OV PGE, (100 nM) &
EHICHlEE A ¥ 2 X— b LENE L7, BRD & RO 55 TN cAMP
JE % 30 43 FEIHIE L7z, ICsofEiZ. Sigmoid-Emax FERRIE BG4 24 ] L CH
H L7,

Specificity assay
HAK AT 4 VRSB E T DR 22T v A FIRICHE-> T, 1 uM

ASP7657 #HWTC, SEIERZRHRIR, A AT x, BEXORRT AR —
AT AR R T ) —= T T v A ZFE LT,

Pharmacokinetics

ASP7657 (0.1 mg/kg) Z5HE T SD 7 v MIFRNBS L O O#EE Lz, A
YINT CEET T, 5% 0.1 BEE (FRIRNEG D) 025, 0.5, 1, 2,

18



4, 6, 8, B 10 K CHLIK Y > 7V 2 EE KEIRD HERE L 7=, i
WiEE L, LC-MS/MS Z{#H M L CHlE L7, Phoenix WinNonlin version 6.1
software (Pharsight Co., St. Louis, MO, USA) M3 73— K X NgHTET /L

ZAd L CLASP7657 S MAFEIR FE s D KRB RE R T A — X —ZHE LT-,

& T v FIKICBIT D PGE2IZ X 5 LPS % TNF-o BHIEIER I3+ 5
ASP7657 DR OB

ASP7657 (0.003-0.1 mgkg) # 7 » MIREOEEG L, &5 1 Kkl Y 7
VT R CERIL U 72, ML Y 70 & RPMIL640 51T 2 5 IS AR L, 48
well plate {12 T 37°C, 5% CO, DFEFTTI073MA o FaX—F Lz, EHIZ
LPS (1 pg/mL) 3L PGE, (100 nM) ZHM L., Vo 7 v % 4 A > F =
Nk Uiz, 7y e A IRAIK A S OSYEE (3,000tpm, 10 43) L, kg A [EIL
L7z, EIEH D TNF-o0 O % ELISA % v b (R&D Systems, Inc., Minneapolis,

MN, USA) MW THIE LT,

BT FRAT

ICso fEF LN Ki HAFHRT 272D DT — 2 f#TiX, SAS9.13 Y7 v =7
/N /5 —3 (SAS Institute Japan, Ltd., B, HA) 2/ L7223, & b EP4 %
FAIRHE S EBR DO I, EXSUS 7.7 (CAC Croit Corporation, HUR, HA) &Ml L
THRAT L7z, 1CsofEdS LN Ki fEIZ R L Tld geometric mean with 95% confidence
limits THRFL L. & O EERRERICES L CTIE mean + standard error of the mean
(SEM) & 7213 standard deviation (SD) CT#F L 72, Student’s t-test Zfii [ L T, 2
DD T N—TOZEEMENT L=, Dunnett OZEILET A MME, D7 L—
TRID I SN, BB EREIL p<0.05 DIEEHEEAD L 72 LT,

MatB LT — 2 3#71X. SAS9.13 Y7 Fu =7 /%y /77— (SAS Institute
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Japan, Ltd., Tokyo, Japan) & 7-!% GraphPad Prism 7 (GraphPad Software, La Jolla,

CA,USA) #fEH LT3 L7z,
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B8 R
ASP7657 D in vitro IR LR

ASP7657 X, [P*H]PGE, ® 7 » b Xt b EP4 L FIR~DFRRIFE A %58
INZHEL., Ki HiXZFNZER 6.02 nM 5L 221 nM THh 7= (Table 2),
ASP7657 1%, 7 > b EP4 ZZF{AFEL CHO Milads L't b EP4 Rk %38l
L 7= Jurkat fARIZ 331 % PGE, #% cAMP -2 887128 L. 1Cso fEIZZ 4L
21 0.86 (0.24-3.08) nM B X 11 0.29(0.03-2.46)nM T - 7= (Table 3), *IHRAY
IZ ASP7657 137 » b EP2 Z KR8, CHO fifd > PGE, #%5% cAMP L5, F7-
I£7 v ; EP1 3 X OY EP3 S &8 Bl HEK293 Ml O PY Ca? i B HE N % 4
il L7272 (ICso > 1000 nM), ASP7657 (1 uM) (%, & b PG CRTH2, DP,
EP2 3 XN EP3 X BMEY 7 7 A T Gt O A R A LA 2R
E7po 7z (Table 4), & 512, ASP7657 13% Dk~ 724 4 F ¥ 31, b

T VAR—E =B L OWEFE #[LE L7 > 7= (data not shown),

Pharmacokinetics

7 v h~® ASP7657 (0.1 mg/kg) DO O£ 5%, MAEH ORE{LARIEY R
13 0.25 B CRURICHR RIEIZE L, tip B2Y 1.38 BRfH] TR L7z (Fig. 7). *F
J& 9% Cmax 1% 22.4 ng/mL T, AUCo.10n 13 22.3 ng-h/mL TH o7z, KO,
RN 5% OF PR EHR ORI RN OHE SN T T XA T T ¢
1X462% ThHoT,

&S v FILKIZBT D PGE2IC & B LPS #% TNF-o HHBEER T 5
ASP7657 DZhE
LPS (1 pg/mL) WANE T » FA21f7> 5 O TNF-a i 2 A B I &8, PGE,

(100 nM) BINRINC X VW LPS #% TNF-o it IZ A B ICILE S L7z (Fig. 8).
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ASP7657 (0.003-0.1 mg/kg) H 5% ORMEERIZHBWTIX, 7y h&LNHHO
LPS #%& TNF-a JHIZxET % PGE2 24T L7-BHEAEM 1L ASP7657 5 &k
RS vz (Fig. 8),
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FEE EE
AREO—#HOMIEIX, HHICR W L7z EP4 &K antagonist TdH 5

ASP7657 OIEFFHT 07 7 A VORI 2 B E L TEM Lz, ZRIK
FEA B TIX, ASP7657 1X7 v B Xt N EP4 S MRITx L CEv Bl
AL, ICso X nM A — & — L FEF TN LD TH -7z, & HIT, ASPT657
137 v B IO  EP4 SZAARREIANLIZIIT 5 PGE2 # % cAMP OHEI%
BRI L7z, xtPRAYIZ, ASP7657 1% EP1, EP2 F7-1% EP3 AT
RlZ331F % PGE, 3% /IR Tty 7 REICH L O EER 2R & 72
MmoTe, EHIT, ASPT657 ILMEFEABIFPERERIZ W T, & F EP2 B L TVEP3
SREY T EA T BFOMOZHE, A F T ¥R, N URR—F— [
R EEMHAEEREZRIBRWZ ERPALNER ST, T ORFIL,
ASP7657 7% EP4 ZZAARITX Lo Ay 72 Bt & B4R 2 R > EP4 AR
antagonist T 5 Z & Z/REL TV 5,

Z v MZFIF % pharmacokinetics FERIZ IV T, ASP7657 1% B A4F 7248 1L
T (N AT_A T8 VT 1) ZaRLTZ, Lo 7T, ASP7647 L N 512
Lo THEAKRNTH7 EP4 %K antagonist 151 2 S84 2 i o 5456 8 % e
RCE DATREMED BV Z EDRIB S LTz,

PGE, I%. EP4 &K% I L7z LPS 3% TNF-o A 28092 2 & 25#a
INTWD (Walletal, 2009), & 2T, EEKNIZIIT D ASPT657 % A 5-1%
D PGE KT 2 BAFVEME A HEE 3 2 72012, exvivo iR T Z O AR FRY K
T35 ASP7657 DR A F~T=, ASP7657 RHE %D T v MAMICE
WC, LPS #% TNF-o St xt 3 % PGE: &4 L 7= #Il{EA 1% ASP6757 M &
BKIEHIC, OB BICHER SN, 202 L, 7 v MEERRNIZE W T PGE;
12X 0BRSS N D AEFSITHR L, ASP7657 A EP4 5% 24K antagonist 1EfH &
UCHIfl LA D MR 2R O 5Ic LV B T& 5 2 L 2R R T
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&Y ASP7657 DIEMAENENERER L —H L T e, Fo, REERLOBIL, in
vivo &7 VTR T ASPT657 1T AR GIC L > TAZMEZ RS Z &N TED
AIREMED W & IR S T,

AREEIZFT D in vitro, pharmacokinetics 35 K TN ex vivo FBRIZE T D HathE
FEMB ASP7657 IX R WBIRIE TR DRIIZ EP4 2R KA 45T 5 2
EMTE, FRRAEGIT L > TAIKN T EP4 antagonist {51 2 FE 489 5 ] HE
P WA 272 EP4 antagonist THDH 2 L &R T 5 ENTEZLEEZE X T
Do
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Table 2. Affinity of ASP7657 for rat and human EP4 receptors.

Ki (nM)
Rat Human
ASP7657 6.02 (4.72 - 7.68) 2.21 (1.38—-3.55)
PGE» not tested 3.47 (2.98 —4.04)

Values are geometric mean with 95% confidence limits of three independent
experiments.

PGE2: Prostaglandin E2.
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Table 3. Effect of ASP7657 on rat and human EP receptor subtype-induced [Ca**]i and cAMP activity.

ICs0 (nM)

Rat

Human

[Ca?"); cAMP

EP1 EP3 EP2 EP4

>2500 >2500 >1000 0.86 (0.24 —3.08)

0.29 (0.03 — 2.46)

Values are geometric mean with 95% confidence limits of three independent experiments.
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Table 4. Receptor selectivity profile of ASP7657.

Receptor Subtype (species) 1Cso (nM) Receptor Subtype (species) ICso (nM)
Adenosine Al (Rat) >1,000 Leukotriene B4 (Guinea pig)  >1,000
Adrenergic ol (Rat) >1,000 D4 (Guinea pig)  >1,000
a2 (Rat) >1,000 Melatonin MT1 (Human) >1,000
B (Rat) >1,000 Muscarinic M1 (Human) >1,000
CCK A (Human) >1,000 M2 (Human) >1,000
B (Human) >1,000 Neurokinin NK1 (Human) >1,000
CRF 1 (Human) >1,000 NK2 (Human) >1,000
Dopamine DI (Rat) >1,000 NK3 (Human) >1,000
D2 (Human) >1,000 Nicotinic (Rat) >1,000
Estrogen (Rat) >1,000 Opiate p (Human) >1,000
Endothelin ETA (Human) >1,000 Oxytocin (Rat) >1,000
ETB (Human) >1,000 PAF (Rabbit) >1,000
GABA A (Rat) >1,000 Prostanoid CRTH2 (Human) >1,000
B (Rat) >1,000 DP (Human) >1,000
Glutamate AMPA (Rat) >1,000 EP2 (Human) >1,000
Kainate (Rat) >1,000 EP3 (Human) >1,000
NMDA (Rat) >1,000 Serotonin (Human) >1,000
Glycine (Rat) >1,000 Sigma (Guinea pig) >1,000
Histamine HI1 (Guinea pig) >1,000 Testosterone  (Human) >1,000
H2 (Rat) >1,000 Vasopressin V1 (Rat) >1,000
H3 (Rat) >1,000 VIP 1 (Human) >1,000

Values are expressed as the mean value of duplicate assays.
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Arachidonic
acid

| Cyclooxygenase |
inhibitor

Figure 5. PGE; synthesis pathway and signaling cascade of each EP receptor.

COX: Cyclooxygenase, PLC: Phospholipase C, AC: Adenylate cyclase.
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Figure 6. Chemical structure of ASP7657, trans-4-[({[1-(quinolin-2-ylmethyl)-5-
(trifluoromethyl) -1H-indol-7 yl] carbonyl} amino) methyl] cyclohexanecarboxylic
acid methanesulfonate (1:1).
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-~ 0.1 mg/kg (iv)
100 -=- 0.1 mg/kg (po)

Plasma concentration
of ASP7657 (ng/mL)

U-HT 1 1 1 1 1 1 | | 1 1 1 1
0 1 2 3 4 5 6 7 8 9 10
Time (h)

Figure 7. Pharmacokinetics of ASP7657 in SD rats. ASP7657 (0.1 mg/kg) was
intravenously (iv) or orally (po) administered to rats, and the time course of changes in
ASP7657 plasma concentrations was measured. Each data point is expressed as the

mean £ SD for three animals.
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Figure 8. Effect of single administration of ASP7657 on PGE>-mediated inhibition of
LPS-induced TNF-o release from whole blood culture. ASP7657 was orally
administered to rats, and blood was withdrawn 1 h after dosing. LPS (1 pg/mL) and
PGE> (100 nM) were added to cultured whole blood and TNF-a release was measured.
The values are the mean + SD for eight animals in each group. *p < 0.05 vs. normal

group, #p < 0.05 vs. LPS group.
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B_E KM CKD E7 /MRS 5 EEFHE & R F DORREY
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Bfi ER
BAE DRI BT 5 L & A - 7RI PEEER#E > CKD A 1264

HIEUEIRFRIT ACE [REHESC ARB 2 XD L= - T XA T v v - TV R

AT 1 RFEEOLTT &g o> T D, —J7 T, ACE PLEHS ARB IFHERIP
PEBEIZBIE L7z CKD O 7 L — FEEATOEEIZERIZL T D H DD, £D
BhRIT 4572 b D TlE7Ae < (Fioretto et al., 2010), DA TREOFRBR L T
O ) A7 I IRTEEWEE L7725 T 5 (Lambers Heerspink and de Zeeuw,
2013), L7223- T, BEIRIE Z1E 5 CKD OHEFT %[5 <720 DR IE 2 B9
HIRN=— ANRIZNAFET HEEZXBID,

RERIAFEENEATHER AT =ALD 1 DlF, REREEEEEIC X 5%
EKIKAm O KRIZE D D EDO®ENH D (Pistrosch et al., 2005), HLEE TIZ
% < ORFFEDSBERIFIEBHIE 2 5 70 CKD B x4 5 ACE LS & ARB OFF
RN RN, D7 < &b —TRITRERIRNIE LR 2 0k o 7o R ER KB IR O & 1F
MNEEH LTS AREMEZ#E LT\ 5 (Parving et al,, 2001), PGE, % EP4 52 %
KA U OGRERAERIERIC L5 35 2 L 2T iGN ® 5., PGE: 1%, EP4
SR ZS LT AIBIAR O 8 Rk A 5] & # Z 3 (Purdy and Arendshorst,
2000), & 52, PGE IIMFRERIREE MO D L= b E sl &I L, Ty
FT v N EABROEMAZ 7257 (Jensenetal., 1996), 7> VAT v
11 PEAR S D HIANE O TR BN IR OIGHE &2 555 T 5, ZNDHD AT =X 4
(2SN T, PGE, 13 EP4 2 BRI U CORERRNE LR 252242 & T
SARERARE R OIS L WD A[EEMED & 5, K - T, EP4 antagonist %
HAZ X0 RERRRERER A R ES RS Z &R SN D,

SRERIRD Y THEREZFH 5 podocyte (Z351T D EP4 2 BREIRAY KO X
CKD €7 /7 v MZEIF D podocyte FEEZIINT 5 Z ENHMESINTND

(Stitt-Cavanagh et al., 2010), Podocyte [E51Z CKD OR2KiEEHEL &, 72> T 5
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JRFF~DH 7 E S &L 292 & 225 EP4 antagonist {X CKD (2351 %
JRA S X YRSk LINHIER 2 364855 2 E IS D, E7-. EP4 %
AR agonist DEMER G113, FERIGMEBIEIZ IS 1T D R ERIREE (L & R MERE( L

(280 < AHBE T D ARMELIRIE S A N1 A4 > TH D TGF-Bl DB AR 5
(Mohamed etal.,2013), & 5(Z, EP4 52 %K antagonist (X TGF-B1 (2 X » TaBE
S5 podocyte DL & T2 Z & & X4 T D (Thieme et al., 2017),
EP4 Z AR WMBIRET 2~ 7 2 AP X7 AMIIZBW T, TGF-B1 7B
Offifast~ R v 7 2 (ECM) 1B 27— BT 4 7 ax 7 F o O&EHE
IS5 2 & EHIT EP4 ZARA~T 1 KO ~ 7 AIZIT 2 Bl 53 46
IZ X DBARET /L CIEBEHEEI T I LU (L 2 & oW B 2 eio x4
HUENRENBIZE SN Z LD, PGEy 1T EP4 2B Z I L CRERIR A 9
XU LAHIFIZI T S ECM OEfE, & bIZIEBIROMHMELIZ 7 57 5 ATREMED
HDH T ENTERIN TS (Yangetal, 2014), LI EDO#ENS | EP4 245K
JRIY) antagonist (X, LFLO A I =X A% i@ U CHERIFIEBEICBE L= CKD
OHERZIHI TE L AEEEN SV EHEE SN D (Fig 9).

ABEIZBWTIL, HB—EDOHE TR L7Z#H EP4 3#INAY antagonist T
&% ASP7657 @ CKD HERMGIFE & L COREEM: 2 F B EEE T LVEWIZ
BOCHMTAZEICEVBRGET D2 & & Lin, £T0E, mifpE, 2R >
BHUE, mRMIE, RAE. IE7e & o BB A 2 BEIRPFER 7210 T <L SRERIR

WIEIE & T VT X R ZE A O WIMIBERIRIERE A 95 2 BUBERSE db/db
7 % (Park et al, 2006; Sharma et al., 2003, Fig. 10) |23\ T, ASP7657 D HANFE
fifiZ FEhi L7z, —J7 T db/db = 7 R THIHIORERVERFIEET /L TH D | SREK
RIEERBERE DR FIXBIRE SN2 WBHRBEET L > TWWD, CKD 1HFIE L
L CoOmS G %Z B LI BRRBRICB W TIRIEY — 7 >y F &R D DX
CDK 7 L — R G3 UL RICHERE U, SRERIRIEIRMERE DR T BIZE S D BH
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&R B AREME N EVN T & A5 | EP4 antagonist O CKD 7' L — RS L7
T DB R ERFET 5 BT, X BHEEOK T AEE BT T L
TORDRFENMLETH D EFE 2 572 (Brenner et al., 2001; Lewis et al., 2001),
Z 2T, BEEICBEENMETNT 2% CKD €7 /0 Th D 5/6 B (Nx) 7 v
NEF /L (Fig. 10) (28T % ASP7657 O HAhRHM & St L 7=,

%2, ASP7657 @ CKD JRREIZ x4 2 R Uil 2 By & L C. BlfEdR
& LT\ % EP4 antagonist DBl I 1T 28F (Fig.9) @5 b, L =3Wic

x4 2R E LU MATENRRIC X 2 B R O fad & O THMi L7,
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B_f  EERE
AE

ASP7657. trans-4-[({[1-(quinolin-2-ylmethyl)-5-(trifluoromethyl)-1H-indol-7 yl]

carbonyl} amino) methyl] cyclohexanecarboxylic acid methanesulfonate (1:1) ¥ X
EP4 KSR T T =X F Th 5D ONO-4819 (Fig. 11) (Kasai et al., 2001)
(I 1ET7 AT 7 AREERARAL R BA) ICTHER ST, ASPT657 I,
1 5 0.5% MC ¥AHEIC TR, 72 I3RS AT 2 mM NaOH 5
TP TR S FEBRICHE L 72, ONO-4819 (3B RIE/KIC TR & &
A L7, A L7~ kv (STZ) (4. Sigma-Aldrich (St. Louis, MO, USA)
MHHEA LTz, m¥ v 77U A (Fig. 12) 1%, LKT Laboratories, Inc. (St.

Paul, MN, USA) 72585 A L. 0.5% MC IIKIC CIRfR% I FEZBRICHE L7,

B
KEME db/db 2 BUHE PRI~ © A 36 L OEM: db/Am IEF XHHR~ © 21X, 7 HiiB T

CLEA Japan Inc. (U, HA) 22BHEA L7z, db/db ~ 7 ZE, ASP7657 £ 5-
BRLGRTIC & 7 L — T R ERED ML 70 20— R YEEE L 70 5 1 52 7 —T 431
STz, HEME Wistar 7 > NI, Ty — VAU N—=FKT N =T x 3 (f#
Z, BAR) £71EY %% SLC Inc. (Flil, HA) 5 7~8 Ml CHEA L
72o HEME SD 7 > R 6 385 Japan SLC Inc. (], BA) 2»HHEA LT,

TRTOBWIE, B, B, BHE 12 OB 2 L) 2SS 4
T C, EAEERRTTIRORE & KE B HRICERTE 5544 FTHE L,
B4 % 13 the Association for Assessment and Accreditation of Laboratory Animal
Care (AAALAC) International 72 HEBEZ 5 T\ 5 7 A7 T A RIEF 78 &

v =Dl NEWE B EZ RS bR e T, FE L7,
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2 ABERF~ D A (db/db ~ U R) IZRBIFBTNT I VRIZRT D ASPT657
DREREDHR

ASP7657 (0.001-0.1 mg/kg) % db/db~ 7 212 1 HIZ 1 18], 4 FRTE O L
oo V=7 OHKIZLLTO®EY ThHoTo,

(1) db/+m with vehicle (Normal, n = 5)

(2) db/db with vehicle (Control, n =11)

(3) db/db with ASP7657 at 0.001 mg/kg (n = 11)

(4) db/db with ASP7657 at 0.01 mg/kg (n = 11)

(5) db/db with ASP7657 at 0.1 mg/kg (n = 11)
2HHAE 4 HEDORRT, U RAZRIRT — VPRI L, JR%Z 24 BfHIERHEL
L7z, 4 HHOR R TERIMLZ FEHM L, Mgy 725 L, mBEER
Glucose CII test reagent (Wako Pure Chemical Industries, KBk, HA) Z i LH|
E LT, MBI OROZ U7 F = REIEL. HEIOHTLERE (Hitachi 7180,
Hitachi High-Technologies Corporation, H i, HA) Z{HH L CHIE L7z, £z,
JRAT VT I PRI ELISA %~ b (Shibayagi, #£5. AAR) Z4/H L CHIE
L7z,

5/6 BfH (Nx) 7 v MTBIT 5 ASP7657 DELRES RO

7 BEEOHEME Wistar 7 > M & EBRICHEH Lz, v b e ¥ — LRk T
IZBWT, ERNED 3 70 2 28R% 1k, £ 1 #EE#I M0 24
L. 5/6Nx 7 v F&1ER L7= (Fig. 13), 5/6 Nx % 58k S B2 & FiHo 2
ER%, 7y AR — NI L, 24 IR ZE8EL . £ O%BMmIZ
XU MY 7z iuG Uic, FEBRBHMAT pre fEE LT, & 237 ppralds
(Bio-Rad Laboratories, Inc., Hercules, CA, USA) Z{# ] L TR X LR 7 BE % |

FMERB LR L7 F= M IRFEFE (BUN) #=JE % Hitachi 7180 H

37



B HrdE T (Hitachi High-Technologies Corporation, AL, HA) &4 L Tl
ELT2, 5/6Nx 7w ME R Z 37 gt g7 L7 F =2 LTV BUN
R, JRE, RENINV—THTH D LTI V—T3F 3l 7

=T DORMUTLL T DB Y Th o7,

(1) sham with vehicle (Sham, n =7)

(2) 5/6Nx with vehicle (Control, n = 15)

(3) 5/6Nx with ASP7657 at 0.001 mg/kg (n = 15)

(4) 5/6Nx with ASP7657 at 0.01 mg/kg (n = 15)

(5) 5/6Nx with ASP7657 at 0.1 mg/kg (n = 15)

(6) 5/6Nx with losartan potassium at 10 mg/kg (n = 15)

ASP7657 BEL U m L& % 5/6 Nx 7> MZ 1 H 1[H 8 EEKEAFES L,

REITERIE L7z, 2.4, 6 BEXO8EHIZ, 7 v M &R — ML,

24 BEEIR 2 R 7B K OURF 7 LT F= U BEAZJE L=, 6 HE & 8

HicgkmazE£m L, mfEs L 7F= L BUNREZRAE L, 7THEICT—

V7 7 (BP-98AL; Softron Inc., B, HA) (2 &0 I+ (SBP) %

LT, 8 HOKRKIED GO 24 BEEIRIZA Y 7V T VR T CREERA

R & iR 7V B LT, £ D%, ABEAHFN LEELZHE LT,

FE B R 3 A E R L B R AR EAT O 72 D1 10%  HPEREE AR L~ U s

R CEE LTz, EAOER & MR E2AMRE L, 7 AT 7 2RSS

DR ENERSEET (K3, HAR) THEM L7z, 10% OFMHEREE AL~ Y T

ESNTBHARDOAT A 2% T7 7 0 a2 X 2um OUI R Z/ER LT,

INHOYFE, A~ RFV Y s o F Yy (HE) BLOPAS TG LT,

BEEARD T T ORI X OSSR 2~ T, SRERAEALE DL

JEARET D722, PAS Petatl FICB W T A Y U F 7 AR, AU~

FPLORF L OV EIME £ 72 I3 2R LICBE L 7 L — REB| T2 2 Lt kb,
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PERMA AT 24572 (FL— R0 EERL, 1:25% OEE, 2:50% O
B3 75% OFEE, 4 BN OREREKO SR ORE) , RAE RE R
A RET D722, HE bl iz B W CRME IRE S KL Ok, &1EN
cast Ok, JRAIE LR DA IEMEZA L, R TE s . I MERRME L, T L TR
SEMEMIZEICB L 7 L — RERNT D Z Lk 0 PERNA 2T 247 (7

=3

T

L—RO:EERL, 1:25% DOFEE, 2:50%0FEE, 3:75% OFEE 4: ]

BPCB T 2B R E OEHEIROREE)

E#HT v MBI 2 ML = AEMHICHKT 5 ASP7657 DR RO
AREBRITIX, 6 Bl OREME SD 7 > &M L7z, ASP7657(0.003,0.01,0.03
mgkg) 7 v MIREHAKRE L, EW5 0 1 FE#%IC EP4 ZARERD
agonist T& % ONO-4819 (0.01 mg/kg) % F¢ FiEH L7z, ONO-4819 £ M 5D
10 3B ICWIBRIC L0 ik TR LTz, 7o F A7 o0 1 oM
WREZT AT 7 ARUERRASAE (R, BA) TIERS L7z ELISA F v b &
FALTHEL, 1S 7-007 X470 v 1 OFEARZ ML = 0%

P (PRA) & LCHEHHL, L= 3WEOEEE Lz (Fig 14),

STZ #&5- 1 BERK 7 v b OBEMATEIRBIZX 5 ASP7657 DRR DK
AREBRIIX, 8 W OMENE Wistar 7 v FEEA L7e, KEBROZ A LT —
7' V% Fig. 15 (2R"7, STZ X, 1.5mM 7 =Ry 7 7 — (2 CIAfE%IZ, 50
mg/kg CREIRN& G- L=, STZ &5 2, 3 #Hfdtk. 7 > NI inactin (100
mg/kg) ZMEMENE G325 Z LIV R A e L, 72 REREIRICER i £ 7213
MERERDO T —T W EdA Lz, MEIEYE ¥ — (AP-612G, HA
B, OHR, BA) 2HVWTE=4— L7, EYHRGO0IC, BlohT—T L
I KBREFIRICIRA LT, 0%, 7 LT F =2 (100 mg/kg) % EMRINTESS L,
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Z D% RBIEHOER Y OBEF 1% 7 L7 F =2 2.5% Ja—RZ 0.45%
NaCl ¥k % FegeiE A (1.2 mL/hW/100 gBW) L7z, BpiE 0 Rk K OV @ % YIBe
L. ZERFER 2 JE P OFLRE D & /0 BERR 1T, BRARiR 2 HE9 L LT 5% 7=/ —/b
VAT % Fe R BIRJE PHC AT L 7, SERGIMLRE G~ v — 7 2 AR BRI HR Y 1)
T, UL R (MVF-3100, HADLRE, B, BHA) 2] L TH M (RBF)
ZRRRFHICIGE L7z, RBICRERIT 2 BB CTEREICH T —T L&A
Uiz, 1 BRI O%, JR%E 20 43 (20 505 0 43 FT) IUEL
7o HWEE-O 10 SENciiE Y o 7V BRI LT, b OREB X O o
T—HIE, N—=RAT A AEL LTHEM L7z, ASP7657 (0.1 mg/kg) F 7o ITHME
ZRHIRNEE G- (0 59) L7zt&. 20 spfldife 2 £ b (0~20 4336 KT 20~40
53) DREREAT -T2, EHEG O 10 %L 30 SRR > 7L & B
L7-. RBF, i)+ (SBP)¥s X OMEIEHI M+ (DBP) 1%, ASEHkR b AR
(ZHE S iz, SERI)E (MBP) (X, SBP 35 X ONDBP & L CRIH L7z,
A HCHT (RVR) (X, MBP % RBF Tlr9Z & CitE L7z, 7 —7 ki
ROEBY ThHoT,

(1) Normal: STZ-untreated rats injected with vehicle (n=7)

(2) Vehicle: STZ-treated rats injected with vehicle (n=8)

(3) ASP7657: STZ-treated rats injected with ASP7657 (n=7)
Mg X ORFP O 7 VT F =2 EIL, CRE-ENKAINOS® (KAINOS
Laboratories Inc.. M. HA) ZH L CHIE L7, B TmfE (AUC) 1.
J V7 F=r27 YT 7 A (CCr), RBF, MBP 3 X O RVR DRI 22 2851 3R

MHERE LT,

WA T ARAT

FEBRAE R 1X. mean + standard error of the mean (SEM) & 721 standard deviation
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(SD) TZHFLL7-, Student’s t-test ZfHEH LT 2 DD T N—THDZEZfRHT L
7= Dunnett DZ LT A M, BEO 7 NV —THOHEBIZHER Uiz, B
FR PRI 2T, 2 DO T N—TROERZ 38T % 721 Mann-Whitney
TA PR LT L., AREREIL p<0.05 DIEZAEEAY LA L
T B LT — X 5H11E.SAS9.1.3 V7 b7 = 7 /v /r— (SAS Institute
Japan, Ltd., Tokyo, Japan) & 72(& GraphPad Prism 7 (GraphPad Software, La Jolla,

CA,USA) ZfEH LT3 L 7=
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B MR
2 BBERF~< U R (db/db =T R) ZBIFTDHTNVT I VRIZHT D ASPT657
DREREDRR
IEF R dbAm ~ 7 A L Elg LC, 2 BBEIR db/db ~ 7 A 1E, & b E
CHEPRIW) d6 JOMKREIN (I 2235 2 L AMR STz, 72 db/db
7 AIZBWT, CCrEDEMMBIEE SN2 &b | A~ 7 ATRER AR T

WA 2T 52 ENRIE S L7z (Table 5), ASP7657 (0.001-0.1 mg/kg) % 4 i ]

IR UG LR, BIROF AT A —F =B EL 5252 L
X722 o 7o, RFRRAYIZ . ASP7657 135 I EKAFRII IR 7 V7 I R 2 4
il L7z, 2Bz, 0.01 mgkeg UL EOHETHEE Th -7 (Fig. 16), ik
BRI RSB E T EE A FFRIIBE I N o 7o, £72,ASPT657 I,
EENE, JEEIMER EO— KR RT A =2 =T E L 5 X e o T,

5/6 Nx 7 v MZE1} 5 ASP7657 D BAREL R OB
E#Tw MEHERL T, 5/6 Nx 7 v MIBWTITRFPZ 37 k= Dk
BE 2R BN A 22 X du7= (Fig. 17). ASP7657 (0.01-0.1 mg/kg) @ 1 H 1 [B1E
RAKEIZ LY | R & 2 x 7 YRR EHS BRI HIH S, 722
DN FNTEEBRLE 8 B IZHB W T 0.0l mgkg LA EOHETHE TH 7=,
Y& (10 mgkg) IZBWTEH, mHHED ASP7657 &IXIX[FI% DA
PRp & R 7 PR DI 2 A EICHH L7, 5/6Nx 7 v ME, 7 V7 F =
> & BUN OIMSEREOHE 2B E CCr fEDOA R eI 27~ L, RERFI 7254
ERIRTEIEAE VIR FAVBIZR & Tz (Fig 18), B L2 Ud, 2 b K ERIARTE B
REICRE 2 /3T A= =B LAERUGEEMN 2R L, ASP7657 |3tk
%R Lz, &5HI2, 5/6Nx 7 v MIEFHT v b &L THREOH E AR
ELREBEBIOBEEERELOAE RN, SBP OFER LA %2R L7- (Table
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6), AET MIHITHEEEOHINIFROIEREZ XKML TW\WD, vy
X, BHEEOHMZAEICIH L, EomlESARICSE Lz, ASP7657 1%
BEREOMKEZABICIH L2, —F CHEICK 2 BERITEE TIX
. BYPAE XD BIEDENICTEN ST, EBDOIEYHIREF I ITREIC
&t U CITHA R E LY 5 2 72> 7= (Table 6),

5/6 Nx 7 v M, BAZEZCRERIREE(L & RABAE JE IR A 2 2 L7 (Fig. 19A -
C)o 5/6 Nx 7 v h DRERAKJE PO JRAME I FHLEITENEL TRV | JRME K
IFEIR L TV e, S HIT5/6Nx 7 v b OJRME [ CRAEAIL O BEZE 72121
PBIEL S HL, B OBKEIRAE bR S L7z, ASP7657 I LG-HEICIR W T, A
I BRI R BRIRTEAL 2 2 7 d6 K OWRHE L, RIEMEMIIR I 4 5 o JRABAE R
EIRAE A a7 BNHEEIFER) 0.1 mgkg B 5 CIIAEICKE SN (Fig.
19D,E), v /& U ERICEAL TH, 25 OB R AR5
BERUEERANBZ I (Fig. 19D, E),

EEH 7 v MIBIT LML = AEHIIXT$ D ASP7657 DRIR DOHRET

EP4 SRR agonist Tdh D ONO-4819 DFZ FHFEGIZL Y, 7o ¥4
T IO KB OEARE L THREBEINT PRAPERICESR L
(Fig. 20), —J5 T ASP7657 (0.003-0.03 mg/kg) OHFHHK 512k V., PRA D L5
IR BIRAFRCHIH S, £ O%hEIEL ASP7657 0.01 mg/kg UL EOHETHE
Th o7,

STZ B EHERIR T v F OBMATEIREIZ 35 ASP7657 DR OB

STZ DH51%, PEWHERERE ISR Lz A > 2 U U WA AT X 5w ifup
SOPERFIERIEIC L 2T VT I VIR EOEIHEER GTe, S F S FE 2 M
TR BEPRIR D B 25| X L Z 9 (Taharaetal., 2014), AREBRIZEBW T, STZ &5
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Z v b (vehicle 38 XY ASP7657 #5-8f) O~X—AF 4 O CCr T EH T v bk
DR=AT A MELERTHEIZ ERA L TEY | SRERRERIEE A E & T
5HZ LRSI (Table 7), $£72. STZ 7 M RBF O#IMEM A2~ L,
RVR 35 XN MBP (ICBWTIIAERBAD D BIEZ S iz (Table 7), STZ 7 v F
IZ vehicle, F721% ASP7657 (0.1 mg/kg) % FHiRNEES L 7=1% @ CCr,RBF,MBP,
RVR ODRX—RF A MBS DEALEE Fig. 21 12, 72K T A —F—D—
AT A AMEIND DEALFEE Fig. 22 1T~ T, STZ 57 » ~ @ CCr %, ASP7657
B 20 3B L4003 TENENANR—RA T A UMEND 11% B ON8% i
L7273, vehicle B G-HEIZ B W TIIEALR O ITBIE SN2 o 72 (207714,

40 73 TENEI 4% B LTV 6% I, Fig.22), ASP7657 & 5-#ED CCr 1k
FD AUCo40min 1T, vehicle FEOEIZIE L THEIZHHD LT /= (ASP7657 #f :
-302.0+63.6%- min, vehicle #f : 142.5+131.0%- min, Fig. 22), —J7. ASP7657 I&
AFEERIAM 48 L C RBF, MBP 35 X (8 RVR [CHAF R B E MIE S Ieo T
(Fig. 21,22), RBF, MBP, RVR D_X— 2 T A MEMN S DZEALRIZE T D AUC,.
40 min (ZB3 LTI ASP7657 BehH-BEE LU vehicle # 5-RE & O CHE R ZEITLA
o 7= (datanotshown), LA EDFEE NG STZ $5-7 ~ MZEB W T, ASP7657
X RBF, MBP £72/X RVR IZBEE R BL 525 Z L7a < CCr @ LAl

D F Y REREIEFITE (2 D RRIEE 2R LI LB A b,
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VIR B
BIfE, CKD OREFRITAHAEICHEML TH Y, LIVERESHOY 27 5

R EFOBENOERKRICEBWNTRE 2B E 72> T % (Hilletal., 2012; van
Dieren et al., 2010, Coresh et al., 2007), —J7 THEERIYI L OERIKPY 727 ) &
DORFFERE RS ACE FLESE & ARB Y CKD O & il 3 2 DI R TH 5
ZEHERLTUWD (Macconietal., 2010; Berl etal., 2009), L7=23->T, Z#5H
D=2 -T U PHT oy - TV RAT % (RAAS) MLERT, HE, &
M % £ o 7o BRI BHE TG O gold standard & L CTIF AL TV D, L
LIRS CKD OHERE 2B ITITBAEDIRREIE TIIA o Th o2 &b
RSN T (Lambers Heerspink and de Zeeuw, 2013), L7273 > T, E#ED
RAAS BREFIRRITAD 258 LW BMERTE £ 7213 RAAS BAFIEREISH T 5
BIEEZ RN T 2 L, KR E L TRERBEL 70> T %, T4, PGE;
S EP4 SRR Z I LTSRERIRMATEN RS L OV L = Vi 2 & T R R AR 0D G i
ICBNTEARD DR RETN E RI2T 2 & 22 < OFEBRIGEILA R LT
%o & T, PGEx-EP4 ZFIAREHE 1T, HEIRPIVERAESS L OF CKD % & e B IR
(ZxF T D LARIBFIEN & 7 015D LB 2 Hivlz, REFFE T, FHIRE R
BIEET /L THD db/db ~ 7 AL L UEW CKD €7 /1T D 5/6 Nx 7 v b
IZ%9" % EP4 % BRI antagonist Td 5 ASP7657 DN B4 MiFE L .
Z OB RN RICBE G T D TREME B 2 DN HBIEF O Z B L LT
Fhti L7z,

FHIERFEBIEET L CH D db/db ~ 7 RIZHW T, ASP7657 % 1 H 1
7] 4 @ LR NG5 & IMBEHEIC A 525 2 &< TAT I VIR
23 ASP7657 ¢ 5- I BEARAF RIS A I Lz, Zhid, ASP7657 3AET L
WCRITLOEEEDOTERNTH 2 HMBEIITEZEEET L 2R T AT IV
DR ~OUHZIHIT 5D, DF D ASP7657 I @ MFEIC L 0 FHE S L5 RER
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(RpEE 2 RIE LGS Z ERIBENT EEZ TV,

db/db ~ 7 A [T BHIBERIFIERIEE T L TH Y | SREREEER O Fidtkd
RN ENHE &I TE Y (Betz B and Conway BR, 2014) . AFFEIZHBWVTE
[FEEDOFE RN STz, —FH T, 5/6 Nx TF /LI H CKD OJFfEtE A 7
=R, OFE D BRERER T 1 L E DD A o T ETT IO SR ER IR R
KT Z TeoDIRRT 7 e —F R S5 ET LV Th D, 5/6Nx ET
HIZBWWT, 8t LR & o387 YO8, SREREIELCR
FE R AR L 72 & O BRI IR T 7 © ONC BRI 35 1 B RIEME TS X OVRMENE
KFDFRBUIEIMCFHLG- L TWD Z EAREINTWS (Helal et al, 2012), &
FFEIZIBNTH, 5/6 Nx 7 v MIBWTH U RZROBEIMB IO LT F=
> & BUN OMAERED FA & CCr DR TR S AL Z &b RERIKAND T
PEHE S O ITIIRERIRTRIEB B RE S EA TR I AL 972 2 L DR T & 7o, RS
(ZBWT, 5/6Nx 7 v b OEITHEOBREREEIN FIZIT, ;i B, SRERKIR
AP X7 AR OHE, AV X T AERICE T A~ b v RO, B
RO EHERERIARTEAL, JRAME ERGARZEME, 2508, R VA L7 & o
CKD (2317 2 MM Z2 o BRSO AL D3 TV, AR DOHFZEIC I 1T % 5/6Nx
7 v FTRIR SN I 6 OFREFEZE L, BEICHE STV 5/6Nx E
TNORZERER L~ L TH Y (Kondoetal., 2014), F7= CKD HBHE THIEZ S
NBHEL LEHEBIL TS (Kliemetal, 1996), A 5/6Nx 7 v hET/MZHB
T, ASP7657 132 /37 JRO¥EMZAZITHH L, £72miEr LT F =B &
'BUN JRED EFICK LEGEHA 2R L2 2 & D, BEiIK T2 dET 5
ZEDNRBEI N, I HIT, ASPT657 IIARET MCHE T HEILK, SRERIARE
b, RHVE HESRAE L2 ST R REE IO L CHOBEER 2R Lz, 4
ASP7657 N EIEM %7k L= BRBLAIFT FLIX, CKD OM#EST & S IR L

Tkv, RHBIEH (ESRD) ~DH#&HY72 final common pathway & H.72 S 4
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TV 5% (Hodgkins and Schnaper, 2012; Fine and Normal, 2008), L 7=%%-> T,
ASP7657 ORI THIHIEM I, WEAM A oUEE L BEE L TV D
ATREMEAY S U . ASP7657 1% ESRD ~ CKD 7' L — K& % il T & % Al felk:
WD Z LRI SND, BEERICIN T, BT 2 £F - 72 R R M BOE (26
LG BECESE L T b ety ik, RETICE W THE 2 BR#ED
RETRL, Z o 7R, BHRIK T X OMBIREEFRI T IR LT, mH =
D ASP7657 L [FEDHMMEE R LIz, AR TEE SN cn L2 DZh
b OBLRENFRIL, LIRS SNpZERR & —B L T\ 5 (Jianetal., 2013),
ARWFFECI T D ASPT657 & )L & o DML . ASP7657 23141
(ZVEHECT 2 A0 T CKD OEIT 26l 3- 2 vIaetEn & 2 Z L B Hiff S

Do FTIFRINE AN EFRHEETHZ LT, SO BREDREZESET
TOLAREME LB X D,

5/6Nx 7 v FET/MZET 5 BRE 2RI LY. 721X CDK BHIZE
T OEERER 7 1 VEDEAIT LY | BRAER T v ORERIRIZEB W TR
E M R 23558 S, FRAEBIR AR CTOMBEREA MR L X5 &9 58
MBI < . 2 O SRERIB TGS O Fipix, SRERIANIE R & ik < SRERIR
b2 fF O RERIATRRERE D S D2 2R T A5l & 2+ —K & 725 (Fogo,
2007), L7228 o T AREREAIE RIS 2 & 72 & 3R ERIKEDATENBE R % 13, CKD
DFENE & MR\ T E R E 2 RT3 Rt b %, CKD WHEIZ RIS D 7R+
71y OSRERABRIER O A B = R AT 3TN STV RO, EE
TR U T LFPRRTF R (ANP), —BR{LERIB L PGE, 2 EDRFIT XD
i A FRED AR O ML FL5E  (Kikkawa et al., 1993; Sugimoto et al., 1998; Nasrallah et al.,
2016) 3 XN RAAS IZ K 2 HHMENRO M. I (Nangaku and Fujita, 2008)
DIERICBEG L TWDH EEBEX BN TWS, FEEE, ANP ZEMRIEHIKE RAAS
PREROEEGICE D | REREBREIEEAEBEEIND Z EBWRESRLTVD
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(Kikkawa et al., 1993; Helal et al., 2012) . %72, SRERIAEREIEE 1 BE T 5 H
[ X RAAS OIEMEL L RS FHBA L TV D Z &R b TR Y . Z4E CKD
£ OV CKD BIE#EA DHEOFRIE, RO —KTH 2Bk E 721328 O M TERE
FEICEDN D (Fogo,2007), %< OB ISR RIL, ACE [HEF £7213 ARB
PRERAEENE R 2 LB T D 2 LIS L BREEOEITEZIE LED Z L &R
L CW5D, ZHAULRIERZ, CKD JRREIZ % LARMI 72 A D —2 28 R ERIAE
FIVEIE & RAAS ZIERICL TWAD Z AR LTS, 6T, #EFICEN
(X, PGE» % EP4 S &K%/ L CHa AMIBINR O M LRIEH 2558 L, SRERIR

108 5 78 2B 59 2% & &3 TW %  (Purdy and Arendshorst., 2000; Tang et al.,
2000) , AREREBEFTRIENELE TWD EEZXBILD STZ 7 v MIFBWT, Bl

ITENRBIC K9 % ASP7657 Dsh R A fimt L7 AMIFE TIL, ASP7657 1L ipE T

PR SNTRERIRB IR 2 M 92 Z LWL hE ot ZORRLD .
AERERETR 7 1 BB LTz 5/6Nx 72 EDOHBRII CKD ET VT v MZBIT S
ASP7657 DOREAFFHENRIT, FRiFA 7 1 ORERAEBRIEE O ZIEN K TH
HHREMENRH D Z L ZRBLTND, S HIZ, ZIVE TOWF TIX, PGE:-EP4
TR DR ERIREEE DB D L =436 (Friis etal., 2013) . 35 X OV g
BT 5 RAAS OIEME(L (Poschke et al., 2012) 2% G LT3 Z LG SN
TW5, EEE. AHFFEICEBWT, ASP7657 1% EP4 KT I = A M FHHT
% PRA O EHZMT 5 2 EAVRIB SNz, UL, LARTOEORER E —
T 55 A ThH o7 (Schwedaetal.,,2004), L7723 > T, ABFSED 5/6Nx ET
IVTBIZL ST ASPT657 DRERFENRIL, D7 & bETRICENED RAAS
EMELDORFIC L > THA SN T DAL H D LB X HbND, Ll
NG, ARAFFEN TBIZR L= ASP7657 O L = 2 i EFIZIER 7 v 2k
J AR EBEIMATENREIC 9D ASP7657 & AR 1% B R I EE
EFTNTHD STZ 7 v MIBIT HHFTHES N LD THY . 22 ORIFD
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ER &b EGHRABMEH COBERRICEIDZ LD TH 72, Lo T, KR TOIR
BRIG L E 2 BN DHHH CKDIRRBIZ IS 1T D ASPT657 124 5K DB i RAAS
T B AT B AR IS X 2 SEBREAOME F & EREICRRGE T 5 72912 1%, % #1 CKD
TTAZET D ASPT657 18 - FED B RAAS 1510 5% BRI JIJE 168 |2 %
THEAZEBMCTRHFT2LERH D LB BND, £i2, SNk ET /LT >
MZBWT, vd L idmilEz AEICET S, —J57T ASP7657 b i+
ZOT DR T SELEMPBIE SN, vy o ctbigd 5 LR
INE o Tz, FIILEE CKD JE, HERE O EE 2N U7 fERIK T Cd 5Bl
15 b RAAS FAESEA BT B3 2 L7z i EDOHIEIL, CKD OIREIZH)
R TH D (Raveraetal.,,2006), L7=h3-> T, B o OBFREDRIT, D
R ELREERICE > TN SN TV DL AENRE 2 bR D, IR
ASP7657 1%, &FMELZ RIEIIKTESE5 2 & BIREDRELHET L Z
EMPEREINTZZ & D, CKD IZEB W TERATAIIC RAAS & i35 Al Hatk
DR S, BRI R EN 2 G T 2t bBx o d, /2L
5/6Nx 7 v NET /KT A4 EOMEREIL 8 MO K E &5 M o
HITHEBED 1 D2ORA 2 N TOHRTOREFEM TH 722 L6, CKD 7

/

NORH M % ASP7657 O X 0 IEffe /e SKERZN R A4 B3 5 121X, 514,
BEDZ A LRA » FTOMERENRLETHD & HEZTND,

BT DRFFEIZ X 0 (5/6NX T /VIZH 1T D EP4 5 KD podocyte FF FE) KO,
F 7213 EP4 245K antagonist D% 5-73, podocyte fEE 2 8B L, BHEEEIL T &
JRELERRRRR A L 2 BGET 5 2 & A STV 5 (Stitt-Cavanagh etal., 2010;
Thiemeetal.,2017), & 512, EP4 245K agonist 725, TNF-a 3 XU MCP-1 &7
DRIEVEY A R A 2 3 K UOSKRERIREELIE S E PEARAEE 2 B OB RE O
K DOEACICEE 0% E 2 1= TGF-pl OEAZEMIED Z L AHE S

LT % (Mohamed et al., 2013), L7223 T, EP4 S A& H) antagonist 13,
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D EP4 IR LT ABWEN 232 2 LI K 0 BIEEH 28T 2
AREE S B 5,

fhim & LC. ABFZERE D 5 PGE, A EP4 2K % /- L C CKD Dy EiE
IZxRF LEE R &ZE 2R3 2 L. BXO EP4 AR ERY) antagonist T 5
ASP7657 XL = Bl a2 — K & U CORERIREI L mATE B A S35 2 &
(2 KV SREREAE R 22 1E L, SRERIRFEE O S 51213 CKD O 2 )1
Hil 92 ArREME S RIB S 7z (Fig.23), L7223 > T, ASP7657 1% CKD DR
PICBWTHT- A ARIGRERIE O —2 L 2 D[RR B D L WIfF S5,
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Table 5. Effects of repeated administration of ASP7657 on body weight, blood glucose, and renal function in type 2 diabetic mice.

Normal Diabetic ASP7657

Vehicle Vehicle 0.001 mg/kg 0.01 mg/kg 0.1 mg/kg
Body weight (g) 28.1+04 45.6 £0.7* 45.0+0.5 457+0.4 46.0£0.7
Blood glucose (mg/dL) 209.3 = 7.2 539.5 + 8.8%* 531.1+9.3 529.4+12.6 528.8+10.5
Urine volume (mL/day) 1.37+0.11 11.63 £ 0.69* 10.26 = 0.99 10.86 + 1.86 8.39+1.04
Plasma creatinine (mg/dL) 0.068 + 0.004 0.051 +£0.003* 0.047 +£0.003 0.048 +£ 0.004 0.045 +0.002
Creatinine clearance (L/day) 0.665 + 0.068 1.212+0.071* 1.323 + 0.096 1.443 £ 0.303 1.213+£0.122

ASP7657 was orally administered to diabetic mice once daily for 4 weeks. Data are expressed as the mean + SEM for 511 animals in
each group. *p<0.05 vs. normal group.
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Table 6. Effects of repeated administration of ASP7657 on body weight, urine volume, kidney weight, and systolic blood pressure in 5/6

nephrectomized (Nx) rats.

Normal 5/6 Nx
Parameter
Vehicle Vehicle ASP7657 Losartan
0.001 mg/kg Okg 0.1 mg/kg 10 mg/kg
n 7 15 14 15 15 14
Week 8 Body weight (g) 342+ 5 291 + 5% 290+ 5 298 + 4 298+ 6 304+ 5

Urine volume (mL/day) 10.1£0.8 35.7+£1.2%  354+12 37.0+ 1.2 349+19 36.7+ 1.7

Left kidney weight
339+0.06 5.30+0.13* 501+0.08 4.97+0.13 4.66+0.13% 4.72+0.13%
(mg/g body weight)
Week 7 Systolic blood pressure
133+5 171 + 6* 171 £4 168 +3 161 £5 149 + 5%
(mmHg)

Data indicate values obtained at week 7 or 8. ASP7657 and losartan were orally administered to 5/6 Nx rats once daily for 8 weeks. Values

are mean = SEM for 715 animals per group. *P < 0.05 vs. normal group, # P < 0.05 vs. vehicle group, $ P < 0.05 vs. vehicle group.
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Table 7. Baseline creatinine clearance, renal blood flow, mean blood pressure, and

renal vascular resistance in diabetic rats.

Normal Diabetic
Parameter

Vehicle Vehicle ASP7657
Creatinine clearance

0.46 +0.03 0.75 £ 0.06* 0.78 £ 0.05*
(mL/min/100 g body weight)
Renal blood flow

2.04+0.14 2.50+0.14 2.60+0.21
(mL/min/100 g body weight)
Mean blood pressure (mmHg) 98.7 +2.9 83.1 £2.7* 84.7 £ 4.5%
Renal vascular resistance

12.53 +0.96 9.96 + (0.58* 931+ 0.40%

(mmHg/mL/min)

Values are mean = SEM for 7-8 animals per group. *P < 0.05 vs. normal group.
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Figure 9. The involvement of PGE2-EP4 axis in the mechanism of CKD development.
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Figure 10. Positioning of various renal disease models in accordance with the clinical CKD grade (f2%f, 2000. tZ%).

STZ: Streptozotocin, ZDF: Zucker diabetic fatty rat, Nx: Nephrectomy, UP: Urinary protein, UAE: Urinary albumin excretion.
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Figure 11. Chemical structure of ONO-4819.
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Figure 12. Chemical structure of losartan potassium.
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Figure 13. The flow of the rat 5/6Nx model establishment.
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Figure 14. The concept for detecting renin secretion as a plasma renin activity.
Plasma renin activity (PRA) was calculated as an indicator of EP4 agonist-induced renin secretion from macula densa.
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Figure 15. Timetable of renal hemodynamics study.
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3 Normal
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=1 ASP7657 (0.001 mg/kg)
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1200- ]
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Figure 16. Effect of repeated administration of ASP7657 on albuminuria in type 2
diabetic db/db mice. ASP7657 was orally administered to diabetic mice for 4 weeks.
(A) Time course of changes in urinary albumin excretion and (B) scatter plot of urinary
albumin excretion at week 4. The values are the mean + (A) SEM or (B) SD for five
animals in the normal group and eleven animals in all other groups. *p < 0.05 vs.

normal group, #p < 0.05 vs. vehicle group.
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Figure 17. Effects of repeated administration of ASP7657 on urinary protein excretion
in 5/6 nephrectomized (Nx) rats. ASP7657 and losartan were orally administered to 5/6
Nx rats once daily for 8 weeks. Values are mean + SEM for 7-15 animals per group.

*P < 0.05 vs. normal group, #P < 0.05 vs. vehicle group, $P < 0.05 vs. vehicle group.
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Figure 18. Effects of repeated administration of ASP7657 on (A) plasma creatinine, (B) blood urea nitrogen (BUN), and (C) creatinine

clearance in 5/6 nephrectomized (Nx) rats. ASP7657 and losartan were orally administered to 5/6 Nx rats once daily for 8 weeks. Values

are mean = SEM for 7-15 animals per group. *P < 0.05 vs. normal group, $P < 0.05 vs. vehicle group.
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Figure 19. Improvement in renal injury by repeated administration of ASP7657 in 5/6
nephrectomized (Nx) rats. Representative light micrographs of renal tissues obtained
from (A) normal, (B) vehicle-treated 5/6 Nx rats, and (C) ASP7657 (0.1 mg/kg)-treated
5/6 Nx rats. Top panels: periodic acid-Schiff (PAS) stain (magnification: x 200), bottom
panels: hematoxylin and eosin (HE) stain (magnification: x 100). Effects of ASP7657
on histopathological scores for (D) glomerulosclerosis and (E) tubulointerstitial
damage. Values are mean + SD for 7—15 animals per group. *P <0.05 vs. normal group,

#P < 0.05 vs. vehicle group, $P < 0.05 vs. vehicle group.
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Figure 20. Effect of ASP7657 on the EP4 receptor agonist-induced increase in plasma
renin activity (PRA) in normal rats. ASP7657 (0.003-0.03 mg/kg) was orally
administered to rats, and the EP4 receptor selective agonist ONO-4819 (0.01 mg/kg)
was subcutaneously injected 1h post-dose. Blood samples were collected 10 min after
the ONO-4819 injection. PRA was assessed by angiotensin I release. Values are mean
+ SEM for 8 animals per group. *P < 0.05 vs. vehicle group, #P < 0.05 vs. ONO-4819-

treated group.
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Figure 21. The change from baseline of (A) Creatinine clearance, (B) Renal blood flow,
(C) Mean blood pressure, and (D) Renal vascular resistance after ASP7657 injection in
streptozotocin-treated rats. Streptozotocin-treated rats were intravenously administered
with vehicle or ASP7657 at 0.1 mg/kg. Values are mean + SEM for 7-8 animals per

group.
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Figure 22. The percent change from baseline of (A) Creatinine clearance, (B) Renal
blood flow, (C) Mean blood pressure, and (D) Renal vascular resistance after ASP7657
injection in streptozotocin-treated rats. Streptozotocin-treated rats were intravenously
administered with vehicle or ASP7657 at 0.1 mg/kg. Values are mean = SEM for 7-8
animals per group. AUCo.40 min of each parameter was calculated using the trapezoidal
rule. Statistical significance of AUCy.40 min was detected between the vehicle (142.5 +
131.0%emin) and the ASP7657 groups (-302.0 £ 63.6%¢emin) only in creatinine

clearance using Student’s t-test (P<0.05).
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Figure 23. The mechanism of renoprotective effect of ASP7657 in the CKD development.
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ABFFET BE RIS PEBE RS CKD 63 28Tl A 2 HY & LTV 2,
FRNE WO SUE MR £ O DL ITE D TEWINE O R ., E IR IEBE 72
5 ONZ CKD #EfTHNHIHE & L C PGE»-EP4 receptor axis (27 H L. & 52 EP4 &%
PAREIR A antagonist 75 CKD e RINHIHE & i ¥ 752 & OIEHUZE Y  Hr i EP4
R antagonist ORI A B 5 L 72FFE 2 BRLE L T-,

il EP4 antagonist DA A BlAA T D ERIC R & 72 o 7D, @EITT

>

2T T ABUERKR RS (Astellas pharma Inc., HUE, AA) TAR S 7z PGL
TR T D agonist (LEWEETH o 7=, PGL Z &K agonist {LA W5 LA
T EP AR B2 WG ERR TR U —= 7 &% L. EP4
ZBRBITRIRIE 2 R ACEW R 2 IR L. BRI ASPT657 DR &ALV
T ORI S T D & 5, EP4 IEIRAY antagonist A FEZ L &9
(NS ONE: =113 S:HE St Y En el CH TS VAN ST e R RN e W PRt Il it e Sy i)
L 725 5. #ri EP4 antagonist & L T ASP7657 DA E 57,

F£ 791, EP4 antagonist & L CHIHFHLE R 4172 ASP7657 D in vitro 3 X T ex
vivo RBRIZ K 5 FEFHEH ORHEAHT 217 572, ASP7657 1X, 7> FB X
b N BP4 RIS K L TEWBIFMEZ R L, K EIZENE4 6.02 nM 35 LY
2210M Tholz, XHIZ, ASP7657 137 » b EP4 ZF K %EFBL3 % CHO H
fak LUk b EP4 ZAEZHBLT 5 b THIRIZEH VT, PGE, #% cAMP O
HINZ Z3Z 40 ICso fiE 0.86 nM 35 L TN 0.29nM TR L 72, kT HRAYIZ  ASP7657
¥, 7 > b EP1 3L EP3 2 &K% 3 819 %5 HEK293 #llfid> PGE, i &M
WAL LEEIN, 72157 v b EP2 AR 23819 %5 CHO Ml cAMP #4
Izt LCREER 2R 2 &322y o7, Lo T ASP7657 137 v h B LUt
I EP4 SZARITK LIBIRAY D DRINERER 2R 2 E 0B b b o Tz,
BITE & T2, EP4 receptor (2% 9% antagonist & L TV D0DILEH) DHAE

238 5D (Murase etal., 2008) . & DILEWRE L bhik L7354 ASP7657 @ EP4
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(kT 2 IREITIER 12 m < . EP4 antagonist {E1E S LGRS TH H Z & 2
522 E 725 TN D, PGE, DKL LT EPL, EP2, EP3 38X TVEP4 @ 4 5
DY T HZA TOHFENPREINTEY (Fig. 5). FZBIEITHT 22D
agonist & 7213 antagonist DFTEILE Y7 X A T O L~V CTORERE, £7213
ARERICBT 2ABEHEZHLNCT 5 ETIEFICEERY — /L LD 5
%o ASP7657 1% EP4 ZZAARITKRET 2@ HUE, & HITIXHEEED & b &k
BEVDO—DTHDHZEBHLMNERoTZZ &G, A% EP4 ITKFT 2 SLf
PRI ZE D B ISR T D HEE ARGy — VLV B b D& D &
EZbhb,

ASP7657 OXEWENREFAYRHERM ORISR, A 1 B¢ O -0 T ik 122 &
SRICHERT H2EMBRETH DL Z NI LN E o7, — 5T, FRHIREIRIEE
SEE T /L db/db ¥ 7 A & 15 CKD “E7 /L 5/6Nx 7 v NI T, ASP7657 IX
1 B 1 ERABKEOHETHERBREDREL R LIz, ZOHHB L LT,
ASP7657 2351172 BP4 SRR EIE A Ffo T D Z EnE T bnb, —i
O invitro FEFHREFRIZ LV . ASP7567 737 » k EP4 SR L C v VBRI

(Ki=0.86 nM, 3.1 ng/mL |[ZF8Y4) ZFFH . PGE HIIKIC L 5 cAMP OHEANIC
*f L CH 172 BER (ICs5o0=0.86nM. 0.44ng/mL |[ZFA2Y4) ZH$ 5 Z L0
HnERSTND, O#E%, ASPT7657 O MR I X2 ICHIT D08, &
54% 8 Bff#] £ THY 0.5 ng/mL DML FIRE ZMERF L TWvie, 612, 7 v FMEA
e 5-1% O N> ASP7657 NS IMAEF LV )3 155 < 72 ¥ (datanot shown) .
ASP7657 (ZAFRINERS TH 2 BIRICEM L T D WREME b R ST D, Z
HOREIZ, 1 H 1 B 51Z XK > T ASP7657 NHENRZ R L 5 HEH O
—DOTHLARENRHD LEZXOND, LLAaRb, | BAEEERETO
ASP7657 DI R RFT L TR D ARBFFET/R S 4Lz ASP7657
D1 H 1 [EEEIC K DEREDRIL. ASPT657 DR RENF A KM L T
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AREMEN B D, WA RER 2 £l d 5 BRD ASP7657 O RKIKFRRNF 4 364 L5
HEER B ERNEICBE L TE, A% OBIFERLELEZ bd,

ASP7657 (X, CKD (243 & U 5 HEPRIFTEBIE I3 2 BRI B 1T 2 8 Rlin
TR & LTI SN CTE RN B D, @I % 0 o 7o IR R M BE IS
X2 IRHHE & L CREIC ACE FHEHE, ARB 8E G2 TG L TV 2038, D
ISEURAE B L L7283 MERRRBRIC T A xf4% CKD 7 L — K% G3-G4
R4 D% CKD % T#H > 7= (Brenneretal.,2001), L - T, A5 HSG
AGEEAFIZ 72 B BRIRIZ IS T 2 BE R VE B ETAHREE & L T o> Al Reft 2
$% ETIL CKD 7' b — K G3-G4 [ZH ST 28E7 L CTORMELRGEES
DMENRDHD, LLRNRL, FERFZHFE L. >0 GFR BREEICERT L,
LR D & 2 BEIRIFPEBHE £ 7 VT B R Tl <IE22n, AR CHEA L
TeHERIFMERIEE 7 /L T D db/db v U A STZ 5T > MIT VT I VIRD
EABBEIND Z ED DRI THERENSEE TN D EEXLND
2, GFR DK F I3 &7, CKD 7' L — K& L CIX BRI IERED Gl
IS T2 B2 65 (Fig. 10), ZAUIk LT, 5/6Nx 7 v hET VT H
NT ROV & EE 7 GFR O T8I S, CKD 7L — F G3 MY L& %
HiL5 (Fig. 10) A3, JHHETS Sl @ Mt & ££ > Ty, —5 T, CKD 7 L —
R G3 YRR D= EEIZ GFR 2ME T L2 B gic T, CKD #JE, R OZR
&7 o T BRI BIR 722 < L SRERIROFRFGEHI 72 BEE T & 2 SR BRI L oD H T
F 7R RANE [ EARME LT K 2 JRARE JE PR B M S B B O R E IS R L7k
ERIRJED O MATENRERE FIZ L 0 | SRERKIEEERED S D2 2K T35 i =
SHL, BEHRBEREfE~TE D LB 2 B TR Y (A& final common pathway (Fig.
24) L LTSN TW5 (Nangaku et al., 2006), AWFFETEEL7-7 ~ b
5/6Nx T /MZE W T, i final common pathway [Z3% 249~ 5 i A B 2% &
N2 enn, KETZNVTHMZ =T Z EIXERRIT T 2 0 RwEBE
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CKD 7' L— K G3 IEDOBEIZBW T AL R RIER WV EZ XS
iz, Ko TR B W TIE R RIS Th 5 db/db v U A2 1T 5 RHll
T, BIMPEHICER L7 RERIRREEIC L 5 7 V7 2 RIS 2 3fIfER, &
5IZEEEIZ GFR 2MK T L7z CKD 3 Z3831F 5 final common pathway % OBk L
TIRREEEZBND T v b 5/6Nx T /TR 5 BRI O 842 500 L,
2 DDETIVIZEIT DFHIIFE R M AERINCELE L, IR TO G3-4 10 RIA
PERBME B2 H 1T D ASPT657 DHNEMRGEE 1T - 7=,
FHIERIFHEREET LT 5 db/db ~ 7 AIZIU T, ASP7657 LI HEEIZ
HEE G252 TAT I VRERGHEKRENICHEICED SHT,
ZAUE, ASP7657 MEHGEHYR MRS KV 51 & 2 D RERIR N D T BERE
PRI L. £ DR TH 5 bl BB 5 T L7 < MR
BRI 5 D F 0 B SR EBE O AT 2 M55 ATREME S B B 2
EERTRT DR T, o, BWICKDE7 LV THDH T v b 5/6Nx £T
(ZFBWT, 8 HH D ASP7657 ORAEHRG 1T, EFMEICHE R LG 2
HZ ke ARERFNICR P & o587 YRk E BRI S8, KIEERTR
2 G e PRAE PR . PRME VB O LI L OSSR ERIRRE{L O CKD R IZE
\7 % final common pathway &3 2 HIL DRI A = A B L=, 51
M%7 L7 FF =36 KL OUM R 36 42 3R BE O P & CCr BT D S e
FIZ E > TORESND L D12, ASP7657 1R ERIAIEIEBFERENS Floxt LA 472 %h
R blZOTHREENRH D Z RSz, BEIZEKRIZBWT CKD 7 L—
N G3 DR OB RIGHERERFE THEDIMEEZ R L TV 5 ARB O ¥ /14 3
KRET VBN THERES MECIR FTEH Z > T ASP7657 &A% DBk
R AR LT, milElIL CKD WiEER O BEE RIS L2 fEREFTH Y |
RAAS [HHEIK A G Lo 3R 2 M L2 M EOHIEIL, CKD ORISR T
b5 Z LR SN TVWS (Raveraetal,2006), L- T, BH L% OER#
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BHRNTKT LREEMER DG E L WD RN EZ 2 Hiv D, xTIRAYIZ, ASP7657

EHMEEZABEIKRTIES 2 L BREDRE R LIZZ L2 5, CKD
(X3 2 B RAT RAAS FHE 7R & OB EEIRAYI BN R 2 F8 4~ 5 rTREMEDS
b LR LTS, U EORMERFEERIEET L TH D db/db =7 A
EHIZHEM CKD £7 /L Th D 5/6Nx 7 v MBI Dl £ 5. ASP7657
1% G3 LI OBERIFIEEIE B E 2B W CBIRGEIEN 2 "9 rTREM RS & v &)
Wr L7z,

5T, ABFFEIZ BV Ti EP4 antagonist @ CKD JRREIZ IS 1T D ZEThis e fig

bR ATe, BOFO—iié LT, CKD RETREE T\WDEE X b bk
TERERIRIZ I 1T 2R ERIRNE 570 & QNSRER KBTI (2595 EP4 =4
RDOBAGIZHE H LTz, EP4 2R RHITMIC K 25 R BRIREEE & D L = 5305
MBI EERZ DT X AT v v N pEARING X 2 i HAIEhIR O U
F 7T GREN AR O BRI L0 | RERIRPNIEA 5L RIS A EME S
ITWDAREMEDYE 2 BTz (Fig.9), K- T, EP4antagonist Td % ASP7657
BT X0 L= s il S SIS ACBIR O I A2 iR & F Ee R ER
KA MATENRE R 2 WET D 2 L1 X 0 RERRB A IR RE AV < 4,
CKD JRRBEIT A I S D SOE L. BRREFEBRZ 32 L7z, EFIFXERE T v

ZBIHHERIZIBV T, EP4 A IRZRINAY agonist |12 X - TEEH S 415 PRA
D _EF %2 ASP7657 MM EARFHICHHI 45 Z LBl TE e, Lo T,
ASP7657 7 EP4 ZREEN LIz L =0 a2 2 L 28952 &0
T&E, 7oxAT7 0y N EAEBRTLTND Z RSz, RIC
STZFHFHERIF 7 » ~ OB IMATENRBIZ X 5 ASP7657 DEMERN R & et L7z,
STZ 7 v MZBWTIE, B AMEIR & AR O B LS BN L, E 4034
BRI A2 5| S 292 LA HE I TE Y (Satoh et al., 2010) . AFEFFHC
BWCTHSTZT7 v hOR—AT A2 CCriTEFT v F L0 bm<, SREkIRE
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2 FIE L TWD 2 & 2R TE 72, ASP7657 OHEIFHIRNIES 1. STZ
7 v b O CCrED M % 514 40 43 £ TIZRB W TR IER T ~tE S
Hi2Z &b, ASP7657 3 STZ 7 v b OSRERIRIBIEIR 2 E T& 5 2 L AR
eI ALTz, T D ASP7657 $ 52 K A REREAE NS CCE S AL, A MBI
W st O SE & L= 2 I OB K 2 W B R RN O g
R D ARERRJE P ATV RE O R IEEAABEE L T\ D aTREME & 5 LR &
T2 —J7C, SRERIKNE ES-IIHIC X 2 R ERASETEIE S O SEEAIL, A%
ERIABN B L 72 CKD JRREICB W i, GFR DI T 23 Z TR aNE 2
SID. FFRICRERIENED EFMEERR & 2 v v & o 2 BRI E
BFIEET 52 8T, #5053 22 HBIZER T placebo A & k42 &
GFR DIX TENAEICRKEWE OMENH 5 (Holtkamp etal., 2011), — 5 T,
[l CHFEOH T 3 »HLUBRORBIN BB 285235 L, vy oG
T placebo T L T GFRIK FTHENAREICES 22 Z & bREENL TN D
£ o T, SREREEFITE R O YIRS ITRERFBARN 2 R IET 5 Z &I
WY REMATGRERED S S 2R T2 IHIT 5 B2 b b, Bl EOBLA
2B b [FARD SRER AR RIS & 1 ORI 2 9% EP4 antagonist T 5
ASP7657 3 ERIRIZ I THERIFPEEE BB 126k LB IRGEVEIT &7~ T REME]
BWEEZBND, — T, AE EP4 antagonist (2 & 5 & BRI ol I o
TERNX R HIRERIEBET T L Ch D STZ 7 v MBI 5 &5 5% 2R
TOMRIZEE->TVD I D, 41%IZCKD BEIET /L TH D 5/6Nx 7
N COEME G R D RO 21T 5 Z & T, SRERKEZ I TEI i8I
%14 % EP4 antagonist OIEFEM % RO T MERHDH LB 2TV D
—HOMFEIZ LV . EP4 antagonist Td % ASP7657 DEGRIZ 1T 2 FEIRIME
BB T 2R E S L TOREMLIBRTERLEEZX TS, —
75 7C. EP4 antagonist DJEEIE & L CO ARENMEIIRERIFPERBMEIZ & EF B 720
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AIREMEAN S STV D, EP4 AT 1 IR EARRRICHELL TnD 2 &R
WMESINTEBY, £70, KIEITBT 5 RIERIEA dorsal root ganglion (23517 %
EP4 XK DFEBRZ LHIEL Z LA REINTWS (Nakaoetal,2007), &
51T, EP AR KO 7 U AZR W TR ERECE 7L 2 /ER UG L 72 f5 R
TR D RO S e L ot b H S (Linetal., 2006), &> T, W
IR EP4 Z K antagonist DFT =72 IR L R D A[REMEN H D LB %
Sib, £, DAGRIEEKICIS T 5 EP4 545K antagonist ¢ anti-cancer agent
ELTOREMLITFERE SN TS (Albuetal, 2017), 23 AR effector
T cell DIEMEALZ B3 2% PD-1 & 43U L effector T cell 7> H DI % 55 S+
TS ZERRELMBNTEY, PD-1 HUANBEIC R AGEIREIRK L LT EH
ENTW5 (Fig. 25), —J5 T effector T cell (259" 2t DIFPEALAMHIFRES &
HEINTEY, ZO—>2& LT TAM X° MDSC |2 X 2 #ilf& KA & 5, EP4 %
75K antagonist 1Z monocyte 7> 5 TAM, MDSC ~D5AbZ 445 = & 23
STV 5S (Albuetal,2017), Ko T, EP4 545K antagonist (FBEIZ i 4
TWAHREETF = > 7 WA MEEH & 1T T A g 2 ¥R T & 5 ] hE
PERZ 2 b, BMRE S I3 RET = v 7 R A MHFAI~O 35
HHREIZLY, BB AEN RS 5 2 L nlifrsn s (Fig. 25,

VI EX Y. EP4 Z 7K antagonist {3 CKD {RIRIKLIALDIRIEIK L L CTHOAHE
LR TR ABROMEOERPNIFIND EZATHY | ArTREME 2
AE9 5 ETASPT65T ITFE MY — L e GH L EZBND,
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Figure 24. Final common pathways for CKD progression.
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