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IXIER (J2N-n) BELHEIL CHEREEZRL, &
584 @ U THE L T o 72, ONO-1301-3. Omg/kg



BEO 6 BB IO 1.0ng/kg D 4 AOEIIFRE
Control (J2N-k) B ki L CHBREELZ R LT-.

4) LVESV (E=RIUHEAREZERE)

B EERLEET, 55 2, 4, 6 3B L UN8 D LVESV BT,
EHE (JoN-n) BETIX 5.1 1.6,12. 6+ 1.8, 10. 3%=2. 3,
8.0+0.8BLTN12.0 = 0.8 n L, fi78E Control (J2N-k)
BECIE 128. 0= 12.8, 157.0+16.4, 201.3 *+ 22.9,
237.3+24.7 B L O 236.0+ 22.6 puL
ONO-1301-3. Omg/kg B¥ TI% 136. 8+ 23.8, 73.5+13. 1,
98.5 &= 11.6,100. 514, 5 33 L 18 129. 024.8 p L,
ONO-1301-1. Omg/kg B T1% 93. 0+ 9.4, 95. 0+ 17. 5,
86.613.0, 136. 6+ 16.7 3B L N 132. 0+ 27.2 L,
ONO-1301-0. 3mg/kg EfTi% 119.4+ 18.5, 109.9=*
15.0, 123.94 12.1, 158.4% 20.0 33 L 193.6
+16.2 uL, ONO-1301-0. Img/kg B Ti 102. 4+13. 6,
124.7+ 17.9, 130.3% 15.4, 190.6%+ 19.1 BLW
211.3%£22. 7% TH Y, JHEE Control (J2N-k) BEDfHE
WZIEHE (J2N-n) LB L CAEREEEZRL, &
BRI %8 U CHEE L TV o 72, ONO-1301-3. Omg/kg
FED2, 4, 6BLV8H, 1.0mg/kgBED 4, 6 BLW
8 W72 HTNT 0. 3mg/kg BED 4 B LN 6 WOEITIFHEE
Control (J2N-k) Bt L b L CHERBEZ R L.

5) LVIDd (ZE=RIEEREIE)

R EBAART, &5 2, 4, 6 BX U8 E® LVID fEIZ,
IEH (J2N-n) FETi% 3.37+0.09, 4.24+ 0.10,
3.93%+0.12, 4.09+0.09 BXT* 4.32 + 0.06 mm,
J7HE Control (J2N-k) B£CI1%6.01%£0. 19, 6. 10%0. 19,
6.51+0.22, 6.78%0.22 BX T 6.81% 0.15 mm,
ONO-1301-3. Omg/kg BETI% 6. 04+ 0. 28, 5. 12+0. 25,
5.64740.20, 5.62+0.25 X 6.08+0.34 mm,
ONO-1301-1. Omg/kg BETI% 5. 43+0. 17, 5. 44+ 0. 24,
5.30+0.24, 6.11%+ 0.26 BX T 5.94+0.39 mm,
ONO-1301-0. 3mg/kg B TI1& 5. 83£0. 26, 5. 59+0. 22,
5.82+ 0.14, 6.18%+ 0.23 BXLTX6.56 *0.17 mm,
ON0O-1301-0. 1mg/kg BETI% 5. 55+0. 21, 5. 71+ 0. 23,
5.80%+ 0.20, 6.49+ 0.19 B LTN6.64%0.27 mm T
BV, JHHE Control (J2N-k) BEDOMEIZTER (J2N-n)
LR L CHEERZEMEEZTL, R5HBE2@ELUT
PEIE LT o 72, ONO-1301-3. Omg/kg BED 6 IS L
1. Omg/kg BED 4 WOMEITIHEE Control (J2N-k) B &
U CTRERIKEEZ R L.

6) LVIDs (ZE=ZINMEREIZR)

B EBIRART, 5 2, 4, 6 BX '8 D LVIDd I,
EH (JoN-n) BETIE 1.63+0.14, 2.30% 0. 11,
2.1070.14, 1.97+0.07 BLT 2.28 £ 0.05 mm,
JHE Control (J2N-k) B I 5. 00+ 0. 18, 5. 36 0. 19,
5.824+0.20, 6.15+0.22 BXL 6.15% 0.20 mm,
ONO-1301-3. Omg/kg #ETI& 5. 07+ 0. 28, 4. 12+0. 25,
4,59+0.18, 4.60%£0.23 3 XU 4.96+0.33 mm,
ONO-1301-1. Omg/kg B£ TlZ 4. 50%0. 15, 4. 45+0. 29,

25

4.3640.22, 5.08+0.24 3B L 4.96+0.36 mn,
ONO-1301-0. 3mg/kg #£ Tl 4. 84+0. 26, 4. 73+0. 21,
4.9540.16, 5.34+0.25 3B L 5.76+0.16 mn,
ONO-1301-0. Img/kg BETIH 4. 61+0. 23, 4. 92+0. 25,
5.027+0.19, 5.71+0.21 BLTN 5.89%0.26 mm, T
»H Y, JHEE Control (J2N-k) BEDOMEIZIER (J2N-n)
Bl  CTHEZEEZ L, BEHMEZBELT
AR L T o7z, ONO-1301-3. Omg/kg EED 2, 4, 6
BXUSHEDE, 1. Omg/kg BED 4, 6 BL U8 HDHE
725N 0.3mg/kg BED 4 B OEITFFE Control
(JoN-k) BEEL L CABERIKELZT L.

BTV ONO-1301 BRO% 58 (3~6
B THHEAZR L2, 0ONO-1301MS [ TR 58 (7
~10F%) THEHBREZRE o7z,

4. I HIRE R KOV R R A

ONO-1301 FENEIZ BT 2P ENRES Fig 8 IR
L7z, Zhbixndns AEMENLELET L,
BINEDHREETHD 0.3 KW Ing/kg BAKE 1 I
% D Cmax BEITWVTNE 8.1 KT 30. Ing, ml BL
TaERLE, £, BREESHTOMPEENL0.07 &
0. 2ng,/mL ThH Y  BEDRITRD SN2 ho T,

. NO-1301 R A& 528 [ fHERBRIC BT 2 M FRE
R BEZRIER (FHI%) FIEEO Cnax M
FE; 108. 4ng,/mL, R OMEFEMEE TO Cnax M HEE |
23.Tng/mL) M6, KE/PNEHREREILZEETHD
DRI N,

(ng/mL)
100

~—t ONO-1301 - 3.0 mg/kg
~—&— ONO-1301 - 1.0 mg/kg
i ONO-1301 - 0.3 mg/kg

10 —8— ONO-1301 - 0.1 mg/kg

A: 1 hour after
first administration
1 B: 1 hour after
4 weeks administration
C: Before final
administration
D: 1 hour after
final administration

0.1

0.01

>
[+]
O
o

Fig8 : R O#&EIZHIT 5 ONO-1301 M E)EE

1% O % 5B OFETIRFIZ 31T 5 O IRE AR P R % )
EL7Z (Fig9). TOMR, mRELFKCHE
FABIAIC DIBFERR TR 23807228, W e Ing
Sl T THh Y | BREEREMETRRD bhiadoTz,



(ng/y
1.00 ~

0.90
0.80
0.70 A
0.60
0.50 A
0.40 A
0.30 A
0.20 A
0.10 A
0.00

D s

ONO-1301 - ONO-1301 - ONO-1301 - ONO-1301 -
30mgky  LOmpkg  03mghkg 00 mgkg

J2NE
Control

Fig9 : #0120 5 DRI P ONO-1301

< ONO-1301 @ v FH 58 23 AL R

F344/DuCrlCrlj HEYE T » M2 Diethylnitrosamine
(DEN) % 200 mg/kg O LT 1 MIEIHENKESES L, 0
2 WE% L 0 PSR TdH D ONO-1301 % 0 (VAHE) |
3 ROV10 mg/ke/day OFEC 6 W, 1 H 1 [EGRH]
BO®E L=, $SmE 5 1 Rk ey
Ly 2/3 BFrUIBRIG % 920E U 7-, FESRBILE 8
BN ST & TR U P % S kL
FEWIC AR Y = —EIC TR Glutathione
S—transferase (GST-P) Yuft 2 Fhi L, MG MENTIEE
% BT O BAr RS2 k3% GST-P BBl a s
D FE A B ONHTRS % 8 PN RHT LT,

F OFES. DEN EALE D 10 mg/kg BETIE, GST-P
BB D AEITFRD b o T,

E 72, ONO-1301 @ 10mg/kg. M Of 3mg/ke F 5B
BT GST-P BMEMIEEE OB CNEiE o B B
BEIMZERD bz oo Tz,

BtExt o> S, PB BT, MFIREZEOFE 2 EE
KO GST-P B PEMIaSE O AL AR Y 72 0 OEE KR O
FREOAEREMENA B, KRR OZ YIRS
niz,

Graupl  Group2  Growpd  Growpd  Growp$

Growpl  Group2  Growp3  Groupd

Group §

RAT MEDIUM-TERM LIVER CARCINOGENESIS BIOASSAY OF ONO-1301
QUANTITATIVE DATA FOR GST- POSITIVE FOCI

ARBCHWEHHRME Ch 5 ON0-1301 X7 1 A
BTT0T 4 v LSRR EEEEEZRDL, X510
HESEMAR S\ /ER L CF AR S8 7E R+ (HGF) | 1 & PN
R R e B IR F (VEGF-A) R OVA b v —-< Mfa b 3k

26

[K-F (SDF-1) 732 ¥ & PEA T 5 Z L SlE S Tn b,
P o 7o 22400 TS ET S,
Epoprostenol Sodium (PGI, « Na ¥i) 1. AHREr & [
FRIZ IR A58 23 AU PERRER 12 38 W CFF I 6 LT3 8
MERTTEM 3 70 < 7 S RFVERER, B
IZBWTHRENAMEZ R T A EEFISR O T
W, Ee. TaAsYA 7Y v (PGL) BEETHS
Beraprost sodium & [RlEZ < w7 A4 EMERABR, 7
I PPk R R OASRR I & JE L oo v T 38 28 AR
BB Th, @TENBAMENRZDZ ERRESH
TW5,

PLEOFE R ONO-1301 (T KIMETH S 10
meg/kg FAERE OB A BT D ARG T iz BT
TP 0D Rl 28 A 995 28 38 AR A2 %697 2 B B s 2 A& i 1 R
(Tue—a AMAEH) BRERhoTz, 2, K
AT ST DA = — g UERITERD b
Y. BEHBERBROMSRIIEETCHL L, £
P TOBRBAMEORE LRV Enb,
ONO-1301 {2 2W T HRENBAMEII R ER NG D L HELE
Shle, Fio, MPERERERSEN G, ONO-1301 i
FEMBAICRE ORI ENTWD Z LR SN,

ONO-1303E CHESI CHIFHINPEHIE

. .

b #5515

& - .

t ol i

H

‘ o
[ I S—S—

b bk, g Ak

fenes

S s S 55 e 10

BB (BBIRTE DI Tk

D. &%

NI AL — (B IRFEIENLIREL O REE J2N-k &5 /L)
(2 20 WHnA S 28 WG E T, 8 WM E ~ 5 L
T, DHEREE(LIMGIR L OWEDRE RS Lz

IE® (J2N-n) B, J5BE Control (J2N-k) %f,
ONO-1301-3. Omg/kg #f, [F-1. Omg/ke B, [F-0. 3mg/kg
B, [A1-0. 1mg/kg &, } U ONO-1301MS-10. Omg/kg B,
[Fl-3. Omg/keg &%, [Fl-1. Omg/kg #EB L OE-0. 3mg/kg
HO10HEENTHRF L.

E® (J2N-n) B3 X UYRE Control (J2N-k) #fi
WA %, ONO-1301 #ix =24 1 B 2 [B] 56 H EEf:
BO%SE Uiz, £7=, ONO-1301MS &-E£1% ONO-1301MS
AW 1E (BFF2E) RTHREEITo7-

ZFOfRER, Lra— |2k AESEEERNETIE, O
REOEE L &5 LVEF (E=BRHR)EIZBWT,
ONO-1301 B EFHTIX, BE2EENSAEICE L L
L, 3. Omg/ke B 5B CIXWEEANED bz,
Z DI EHEB ONO-1301 12iE, FREALLAE A B
E~OEZMGETHEARD Y, RIEEDHHET



0.3mg/kg & 1. 0mg/kg DEITH D Z L AR I -,
—7J7, ONO-1301MS fHBRE T 5 Tix, 2R % RH
T2 TERD o BRBEILRERLOEHE (T0-2)
INKWA R —FT )T 24 B~ 32 B £ T3 EMIZ 1
[E], YS-1402/0NO-1301MS %% T# & L7-£4. 28 #
B2y A BT DEEE (LVEF) DO EAb A2 & L7728
(Biomedicine &Pharmacotherapy 63:781(2009)). J
2N-k NA AT —[TTRENE2 DD L7,
£7-, ONO-1301 RIEROBEIZB T HRENALT 0
EF—a ERAE A == — 3 UERIZHOWT,
7 v MIFFREIR D AMERERIZ TRET L2/ R, 3R
[EY N O

E. f&im

BRE - P EE PR IRAL O AR AE B3 1T ONO-1301 (JRZE)
PREROBET S LI, LIEBESCA T
ROEZELZESED, BITA2ZE2EMNE LE
AT RUBRFREORBEZENE L TR ET-
776

BARRIEILRERLUDAHE (JON-k) NARZ—FET /L
VT, 20 8l (REERIE) M5 28 BEET1 A
2 [ ONO-1301 % 0. 1mg/kg~ 3mg/kg 12T 8 AR 18
BO#E LR, OieE (LVEF %) %EICBIT 5
B/INE S EEIL 0. 3~1mg/kg THo 7=,

ONO-1301 R D% 58 1 fERBFE RIC BT 2 MR
ERERKEND, AR/NEHRERIIZEETHD
T EIIRRE N, F7z. ONO-1301 KER D& G
BiFsERIALTeET—a b EARUA =2 —
a VER%E T NIFPFEIRS AERBRIC TR L
i N =N s N B i

F. EEEfEifH
Bl

G. WFFEFEE

1. FCEER
1) Sustained-release delivery of prostacyclin
analogue enhances bone marrow—cell recruitment
and yields functional benefits for
myocardial infarction in mice. Imanishi Y,
Miyagawa S, Fukushima S, Ishimaru K, Sougawa N,
Saito A, Sakai Y, Sawa Y.
PLoS One. 2013 Jul 19:;8(7):1-8

acute

2. FERE
1) [EBFREIERAY Prostacyclin agonist O:.UME/E
AT 5 IEDOR% - 2HRICET 2 EBRRIRET
FEOowf., B % &8 HA. BE Rl B
H OFR. ATEEET, REAE, ARz, FIFE
g, L% &&%. FH Z—. B Fi

27

%4 4EIHADBLLE S ES REAR (201402)

2) ANovel Therapeutic Technology of Long—Acting
Prostacyclin Agonist for Mature Porcine Ischemic
Heart Model. Hiroki Mizoguchi, ShigeruMiyagawa,
Satsuki Fukushima, Atsuhiro Saito, Yoshiki
Sakai, Yukiko Imanishi, Akima Harada, Takayoshi
Ueno, Koich Toda, Toru Kuratani, Yoshiki Sawa.
AHA2013 (American Heart Association) Dallas

H. FAYMEROHE - BERI(FEZET)

1. BFFEE L
2. ERHERE ZURL
3. Fof EHeL



FEAE SRR S D G RV 1 5 5 T T S GRS 2 T LA 2 50))

SrRmETE s Gk 25 4F~26 4F)
WFFEo A RIS R 5 R e R il ST INCTT
TeffE Rl s GRsRtiey) KM &

- ONO-1301 OFIHF 7 A7 = 7 —BUFIOVERL & A7 20 OfeR K O

Y&M%@N&BMMSM@%H&# B0 2B IR PR R 0> J e
@O7 v b 13 B RERE T # 5-aPERR
@2 =7 Z BRLDIEAL A X % 6 W KON 13 38 [ kiR

WFgest i

R/ DDS ) AT = T

— & LT, BT ONO-1301 )/ AT = 7 — B
(ONO-1301NS) Z R L | IBRFFIRPIR 512 K0 | 0 224 CULAPED @ R BBRR S (DDS)
7 TR AN AIRHRAIBNIE & R0 & U7tk OB 58 2 it Ure (RFar G ) o

R B 70 2403070 2 flD ONO-1301INS S4AI 2 /EI U, ASUH % EiE oA 4 (i 2
JiE) BT LIS MBRERIRIN 5 L, ONO-1301 &Lbi L7z, B, v MIE/ 71X U2 60
mg/kg ZHUER TR L 0BRSS EEOAS (ELEE) =5 28T, 570
TEILT HEe 0. ONO-1301 ; 3mg/kgx 21[H,/ A RIERE O &5, KOVONO-1301 345k 5
72 % 2 ffd> ONO-1301INS %38 1[5, (ONO-1301 & L) 1meg/ke BIEKEHIRINIEE- L., 4 2 B £
TOATFR L HlRET L, ONO-1301NS #4#%0> DDS Zh % fesd L 7=,

FORER ., A ERE (Cont) (ZEL L. ONO-1301 SZiERR 0 #5583 J2 O ONO-1301NS SU#i
(A) OB ESR SR 5 0% DHE B R AEFROIER Z/R LTz, 20O &b, ON0-1301
OWBEERIINS T HZ LI LY 1L/492 5B TREOMREZRT I 06, 0NO-1301
D NS WHHEIZ LD ONO-1301 NEBJFATICERE (DDS) i, LV EREICI D A2

FEAET D ATHEMEDS AR S L7, ONO-130INS BiAII%, 2ok, JLAME, FIENE, ko n
72 DDS BANT 225 Z L AR S i,

F 72, YS—-1402/0NO-1301MS CMEBEFH5% 5-12 517 2 BRERFRABRBHAA IZ 01T DB INIERGR (FBIE)
AEREH & F DN % PMDA XTEBISIC CHERR L, T 2RBRZEm L, (1) Fv b 13
W TREFERR, B (2) =7 ZHELLERMC X5 6 BE K 13 B =

R, ToRR, B (1) ToOEFEMEEIIREREREETHS 0mg/ke LLE, BB (2) T

DIEFMEFEITRKIZEETH D 10ng/kg LLETH -7,

A. BWFBEED
- ONO-1301NS Uz
PRRALLMBAERHT AIRFEIE E LTI, fBAT L
JEEERICAN T LRBENRZ B E L T,
YS—-1402/0N0-1301MS +— 8| % DIRBL &% 595
TEERARMELTHREILTWS

—J5, BRJE - PEERFIC ﬁbfi FHIVRHEIT
A& LTONO-1301 iR PIREIC N7 2
AI@W@%E%E&%&U\Eﬁﬁézk%E%
ELTHEILTWAS,

LU, DEEREHC R
BKE <,

i BB FERITIREA~DE
PR D2y, —F, ROokEGiEe

28

5 Th A, Ll Bk
TeBENRfEl &b,

AE, BBEFIRNE S X 2R ERETEREN
73 B

L LT ONO-1301 F /7 A7 =7 — (ONO-1301NS) #45i
Z1E
®U, et Rk, FEE, BEEEZERLE
HTE DDS BB DIERLE ZOHF R BEET 52 L %
Brg L Ui,
-YS—1402/0N0—1301MSftﬂﬁaéffﬁkﬁiﬁabﬂ3ﬁﬁﬁﬁkéﬁ5ﬁ
YS-1402/0N0-1301MS /LMgBE T #% 512 81T A =R
EEBRBIRIC BT 2 BNERARRBREE & £ ONE
% PMDA HTEIBI S Z CHEFR L LA T 2 3BR % 0 L 7=,
(1) 7 » b 13 AMBE THREFEERR, KUN(2)

RS, BEHLD



I =7 Z BEELDIBRL T X 5 6 & O 13 B EE
%‘it“%ﬁo

B. WAL
- ONO-1301NS ##|

FREBRERAY72 DDS (Drug Delivery System) 7/ &
77— (NS) HFI L LT, BiEDRRLREH
2D HME ONO-1301 7/ 27 =7 — &HK

(ONO-1301INS BAI A KT B) A/ER L, MBKIER
RNFZESIZ L, LV EETRAEOE VKRBT
FEM (DDS) ZREELAESEFEFBEELBHRE L=
1BIEIEDORE 1T o 72,

RFA7: 2 FED ONO-1301NS B (ONO-1301NS Sl

(A) ; PRI F£E 122nm 2 OF ONO-1301NS 8% (B) ;
SEEPRL T 109nm) 2 ER U7z (FrFtHFEYER O
T OFEABRLENE) .

{E®L L7- ONO-130INS K| %# 5 v b/ 7 X v

(MCT) FREELAE EMEE) €7 Vi@ 1
B EIRPI 5 L, ONO-1301 RIER O 5 L ik
L. ARMEZREE LT,

1. #EBWE RO
1) ONO-1301
Lot No. : H5001 (/)NEFEESL XY AF)
2) ONO-1301NS #l A
- Lot No. :D1441
< SEYJRITER  122nm
3) ONO-1301NS %I B
« Lot No. : YT140118
« EHPRIFEE 0 109 nm
4) B ET-1 #HED ; Rer v
- Lot No. : 0701012325b
5) fER
(1) 0.5 %HNARFLAF L E)r—RAKE
% (LAF. 0.5% CMC-Na 7/K¥&TR)
- Lot No. WAG1264, Fnd¢flisk T Z(R

(2) HEHAK
* Lot No. 3D86N, HAARIEFFH, MRIZFHIIK
1) EHE
BmfE: 5o b
F&HE . Sle:Wistar (HEME)
N IRy 1t o4 EE
AERBLAREEEY ¢ 5 RE
AT RF A : 66.4~90.8 g
AR P HARTZ R L —BREA
3. RBRFIE
1) BEOAE WElE) TFLVSERME
LR '/ mZ)y (LUF. MCT)

Lot No. : SLBG1999V

e : Sigma~Aldrich Corporation
2) EELALETNAVOER (fimi/EEET VE
:0))
MCT % 60 mg//kg DA & CHEE AL &5 L MCT
5 6 ARICIERERBRIZIE TR LT,

3) BEHERK
B|R5UE RSEE BSER | BSER | 0%
| | ERRENE LG
2 | 0NO-1301 ; 3 mekg X2 EYA Zn |00
3| #2vsY; SimgkgX LR Zno| 0
4 | ONO-I30INS #1A ; I mghe/ BELN
5 | ONO-I30INS #1B : | mok'® Bih | 0
§ | ONO-130! ; I mekg® B | 0

Y5 BIT ONO-1301 & LTOHERTT,

1EEMCTHE- 7, 14, 21, 28 BX U35 A% (B
5[E) 12 1 @M CABEAHEIKZ BIRNEE L
7%

2B MCT 5% 7T~41 BT T, BEOHREE
8 BEMEILL_EZ21F T, ONO-1301 @ 3 mg/kg % 2 [A]/
H., o5 Lk,

SEEMCT 85 7T~41 B4 T, BEDOREIMFEA 8
BRRCL 22T, RE v Z2 D 50mg/ke % 2 [/
H, ®&O&S5 L=,

4FEMCT #& 57, 14, 21, 28 B X35 A% (Bt
5[E) 12 1 EEIERE T ONO-1301INS %l A @ 1 mg/kg
EIRNZR S L,

S5EEMCTHRE 7, 14, 21, 28 BX T35 HE (B
51[8]) 12 1 @REREIKE T ONO-1301INS &1 B @ 1 mg/kg
ZEIRNZR S LT,

6RE:MCT#5- 7, 14, 21, 28 B X135 H#E (B
5 &) 12 1 @ERERE T ONO-1301 @ 1 mg/kg % &%
RS- L 7=,

4) FHm

(1) —fxReegis

MCT 4% 5 7~41 H#% % CII s B LA LRI 2 2215 ¢
2[E/ B, EMOBEIREETER Lz, M. FAEHR
FICHEZEIREE (B o, WERES. BRI OB
BIZBWT 1 EHBTHEGLRWES) 2o T3
[ I]  y ralt

(2) EEAE

MCT #¢5- B O 55, MCT &5 3 B L6 (BT
H) H%ZIZHEIE Lz, MCT 5 7. 9. 12, 15, 18,
21, 24, 27, 30, 33, 36 BLUN39 Hi%iX 1 BEHOH
BRE R GANCHIE Lz, MCT &5 42 B3R+
WZHIE LT,

- YS-1402/0N0~1301MS /CMERE 4% 5- B N3k PR 35k
(1) Zv b 13 BB T&R5HEMERAER (GLP)
YS-1402/NO-1301MS (%A 7 1 27 = 7 —8&IH()



D7 v PRI ST o THEM Ui PRI s
T, YS-1402/0ONO-1301MS % Crl:CD (SD) 25 »
{2 30 mg/kg (ONO-1301 Hit & LC) 4T 1M
R 1 E S 5k 2 B NS 1 o8 C 4 08 R Ek
BTG L& 2 A, BERGEHEIERED BT, B
BRIV L5 B FHE SR bive oo, 30
mgrkg (1 101/2 ) #5110 ONO-1301 o> ifn e g %
B, =T 2D SR PR A R A R
L7 0.3 mg/kg 12 H=7C Cmax THY 120 %, AUCq70

THIB0f5 T o 7o ARER AR F 2T, 13 1 K
e Rl A 920 L 7=,

[Er 7 1] 3“5‘:@
> BUER : SDIuh(63HES MEHEE10DTIEM THEARB R 0T I2Y)

> B 0 ONO-1301MS 3, 10, 30 mylky cono oy, i)
IS BBEY (0 2 wivt R P - FROBHS wiy %7 b — L)

> R5H
> REEE:
> N 1380 (a1, 53D

> 55k ARE 1B TISS BB EMEEXT)

> SHERHE : AR, R0, IR, BRI, IR, I

: ONO-1301 2, 6.67, 20 mg/mL
15 mliky

| cnmsoms&qzﬂﬁﬂﬂﬁ&&?&%ﬁmﬁﬁ

B, U EFOREE, SR, PRI OIRTE. TIGRE

YS-1402/ONO-1301MS % Crl: CD (SD) %7 v I (6

W HERESS 10 PC/BE) A5 ERIZ, 3,10 JT° 30 mg/kg
(ONO-1301 fit & LC) ofe 5T 4 WM 1 E (B+
3[E) OBET 13 MEMBE TS Uiz, SRR
VIR (0.2 w%R Y Vb_— b 80 &4 5 wiv% < v
= h—VIER) x5 L, REARIT 1.5 mLkg &
L7z, B 3 gk A& G586 & U CERE L, %’zﬁ}
W57 B L _&%Lto Fo, AREIZ

éﬂ;%as%zﬁiﬁﬁﬁ"ét (2, MERER 3 !213/%3?@47“7‘*7
A MEEAE TK BIEREE UCERIT, Mg ONO-1301
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Abstract Cardiac failure is a major cause of mortality and
morbidity worldwide, since the standard treatment for car-
diac failure in the clinical practice is chiefly to focus on
removal of insults against the heart or minimisation of ad-
ditional factors to exacerbate cardiac failure, but not on re-
generation of the damaged cardiac tissue. A synthetic
prostacyclin agonist, ONO-1301, has been developed as a
long-acting drug for acute and chronic pathologies related to
regional ischaemia, inflammation and/or interstitial fibrosis
by pre-clinical studies. In addition, poly-lactic co-glycolic
acid-polymerised form of ONO-1301, ONO-1301SR, was
generated to achieve a further sustained release of this drug
into the targeted region. This unique reagent has been shown
to act on fibroblasts, vascular smooth muscle cells and en-
dothelial cells in the tissue via the prostaglandin IP receptor
to exert paracrinal release of multiple protective factors,
such as hepatocyte growth factor, vascular endothelial
growth factor or stromal cell-derived factor-1, into the ad-
jacent damaged tissue, which is salvaged and/or regenerated
as a result. Our laboratory developed a new surgical ap-
proach to treat acute and chronic cardiac failure using a
variety of animal models, in which ONO-1301SR is directly
placed over the cardiac surface to maximise the therapeutic
effects and minimise the systemic complications. This re-
view summarises basic and pre-clinical information of
ONO-1301 and ONO-1301SR as a new reagent to enhance
tissue salvage and/or regeneration, with a particular focus on
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the therapeutic effects on acute and chronic cardiac failure
and underlying mechanisms, to explore a potential in
launching the clinical study.
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Abbreviations

ANP Atrial natriuretic peptide
bFGF Basic fibroblast growth factor
BM Bone marrow

cAMP Cyclic adenosine monophostate
GLP Good laboratory practice

HGF Hepatocyte growth factor
HUVEC Human umbilical vein endothelial cell
LV Left ventricle

MI Myocardial infarction

NHDF Normal human dermal fibroblast
PAH Pulmonary arterial hypertension
PLGA Poly-lactic co-glycolic acid

SDF Stromal cell-derived factor

TGF Transforming growth factor
VEGF Vascular endothelial growth factor
Introduction

Cardiac failure is the major cause of mortality and mor-
bidity worldwide [1]. Since cardiac tissue has a limited
regenerative capacity, any insults against the heart cause an
irreversible myocardial damage dependent upon nature and
magnitude of the insult, consequently inducing acute and/
or chronic cardiac failure. Current standard to treat cardiac
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failure is therefore to focus on removal of the insult itself,
such as reperfusion of the ischaemic tissue or struc-
tural/physiological correction by catheter and/or surgical
interventions [2], or minimisation of the additional factors
to exacerbate the myocardial damage, such as inhibition of
renin—angiotensin—aldosterone system [3, 4] or sympa-
thetic nerve activities [5, 6]. Nonetheless, treatment of
cardiac failure is not fully established [7], indicating that it
may be therapeutically effective to target on different
mechanisms underlying development of cardiac failure,
such as enhancement of cardiac tissue salvage and/or re-
generation [5].

It has been shown that cardiac-targeted gene transduc-
tion of pro-angiogenic/anti-inflammatory factors, such as
hepatocyte growth factor (HGF), vascular endothelial
growth factor (VEGF) or stromal cell-derived factor
(SDF)-1, enhances up-regulation of these factors in the
myocardium to contribute to tissue salvage and/or regen-
eration, consequently inducing functional recovery in an
array of the animal models of cardiac failure [§]. Moreover,
transplantation of somatic tissue-derived stem/progenitor
cells into the heart, such as bone marrow or skeletal
muscle-derived cells, persistently induces up-regulation of
the pro-angiogenic/anti-inflammatory factors in the my-
ocardium, contributing to functional recovery [9, 10]. It
was thus warranted that any treatments targeting intramy-
ocardial up-regulation of pro-angiogenic/anti-inflammatory
factors would be promising to enhance myocardial salvage
and/or regeneration. In clinical studies, feasibility, safety
and therapeutic efficacy of the somatic tissue-derived cell
transplantation therapy was established for cardiac failure;
however, this treatment has failed to gain a status as the
standard in the clinical practice to date for a variety of
potential reasons [9, 11]. Firstly, reported magnitude of
therapeutic effects is modest, potentially related to limited
retention/survival of the transplanted cells and/or limited
regeneration capacity of the targeted cardiac tissue [10,
12]. Secondly, additional processes to prepare the cells are
required in the routine clinical practice, which would not
overweigh the therapeutic benefits expected by the cell
transplantation therapy. It is therefore theorised that “the
shelf-stored drug” which has similar therapeutic effects to
the cell transplantation therapy would be more widely used,
potentially accepted as the standard, regeneration-based
therapy for cardiac disease in the clinical practice [13].

Prostaglandins and their derivatives are endogenous au-
tacoids produced by cyclooxygenase-related arachidonic
acid cascade, contributing to vasodilatation [14], inhibition of
platelet aggregation or anti-inflammation [15] in response
against local tissue damage. Of a variety of synthetic agonists
or antagonists of this cascade that were developed as a
drug, ONO-1301 (7,8-dihydro-5-[(E)-[[a-(3-pyridyl)-benzyli-
dene]aminooxy]ethyl]-1-naphthyloxylacetic acid) was
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synthesised as a small molecular weight compound having
prostacyclin IP receptor agonistic and thromboxane A2
synthase inhibitory activities (Fig. 1) [16-19]. ONO-1301
was initially developed as an anti-platelet drug; however, a
number of the basic studies including those from our
laboratory documented that a very small dose of ONO-1301
activates endothelial cells, vascular smooth muscle cells and
fibroblasts to release multiple pro-angiogenic/anti-inflam-
matory factors from their cytoplasm [16, 20-23]. In addition,
ONO-1301 has several theoretical advantages as a drug over
other synthetic prostaglandin agonists, such as beraprost,
epoprostenol, iloprost or treprostinil, since ONO-1301 has
been shown to exert long-lasting prostacyclin activities [16,
24, 25]. Moreover, poly-lactic co-glycolic acid (PLGA)-
polymerised form of ONO-1301, ONO-1301SR, was de-
veloped to achieve a sustained-release ONO-1301-delivery-
system [16, 25]. This review summarises information and
knowledge regarding to ONO-1301 and ONO-1301SR as a
tissue regeneration-based drug for cardiac disease and pro-
poses prospect of ONO-1301 for new drug in chronic
pathologies.

Pharmacological activity of ONO-1301
and development of ONO-1301SR

ONO-1301 is prostacyclin IP receptor agonist with a
thromboxane A2 synthase inhibitory activity. ONO-
1301SR is a PLGA-polymerised ONO-1301 to achieve a
sustained-release system [25]. These products have been
shown to have therapeutic effects on a variety of cardiac
pathologies via cytokines-induced salvage and/or regen-
eration of damaged cardiac tissue. This section documents
characteristics and pharmacological activity of ONO-1301
and ONO-1301SR in vitro. In addition, other prostaglandin
agonists under development are discussed in comparison
with ONO-1301.

Characteristics of ONO-1301

ONO-1301 is a synthetic prostacyclin IP receptor agonist
lacking the typical prostanoid structures, including a five-
membered ring and allylic alcohol, which are rapidly
metabolised by 15-hydroxyprostaglandin dehydrogenase
in vivo (Fig. 1) [16]. It is thus indicated that ONO-1301 is a
chemically stable structured prostacyclin agonist. In addi-
tion, ONO-1301 has a 3-pyridine radical to exert a throm-
boxane A2 synthase inhibitory activity, which induces an
intrinsic prostaglandin I2 synthesis-promoting effect to
augment the IP receptor agonistic activity [16]. Therefore,
this unique structure of ONO-1301 has been shown to pro-
duce a long-lasting prostacyclin activity with little drug re-
sistance compared to other prostacyclin agonists used in the



