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Sphingosine 1-phosphate (S1P) % Ca** DN EL v IAA FlfaE# FAER, I
N MR SE - 3k - AfE R ONEENE 2 E e, Bk 2 72457 1 & 2 ORI
BWTHHEREHZRT A7 0 VARERJED TH L, A7 4 TNREIX
BEREE D7 7 IV —Tod Y, L), I5E “HEOMRER & L T RITHEEEE]
ERETEEZLNTWEDR, BIIETIEA T ¢ IAFERH#A ceramide,
sphingosine, S1P 72 & OMIfuIEs N, 447, K UBEIZIB W TRHEOEE 2 R 97E
WRAT = — % BT Z L3 5T 5 (Figure 1, Spiegel and Kolesnick,
2002) ., SIP |Z sphingosine kinase (SPHK) |Z & % sphingosine @ U »figfl CTA Ak
% —J7, SIP phosphatase (Z & ¥ sphinigosine (Zfil U > E&{k., S1P lyase (SGPL)

Z £ Y hexedecanal & ethanolamine phosphate (277 S 415 2 DORREKIZ LV, &
DORFENFIRE SN TN D,

SIP I SIP 2% /K (SIPR) T& 5 SIPRI-SIPRS #/r L CV 7 IURET H 2
ST K o TAPIERE A 4% (Figure 2, Anliker and Chun, 2004) , S1PR fE#h3E
® Fingolimod (FTY720) |LFFE MM D ZFMM{LAE (Multiple Sclerosis, LA F
MS) OTFPhFEE U CTREIRRBR TR %~ L (Cohenetal.,2010) . BEIZ Eifigss
Tho, SEMHEATH D FTYT720 1X, RPN Tl SIP 73 sphingosine 7> 5 A A%
ENDOLFEERIC SPHK2 (IZXk->TY vgfband Z & TIEER#M TH 5
FTY720-phosphate (Paugh et al., 2003) & 720, 4 ->® SIPR (S1PR1, SI1PR3,
SIPR4 & U} SIPRS5) DFEEIRAY SIPR AFENEE & L TN N TR D U o 7 ER %
» &4 % (Figure 3; Brinkmann et al., 2002; Matloubian et al., 2004; Yanagawa et al.,
1998) . SIPR1 K~ 7 AZ M /-ikik (Mandala et al., 2002) Ti&, SIPRI1 73
MAA~DOY VREREBRICVNETH D Z ARSIz, SIP (il /P Iz & i

(100-300 nM) TIFfEL., ZDOREAFEIC LY SIPRI FEHLY L /ERD Y v /35%
FEE D S I P ~DEEENFHEE XD (Anliker and Chun, 2004; Lo et al., 2005; Pappu



et al., 2007; Pyne and Pyne, 2000) , SIPRS [ZHAXMRE R, FricA Y 250 Rt
A S RO AR S SR BT 5, N EGRAE 0> S1PRS DIEMEALIT in
vitro IZBW TN Y TEEREZPER L, HEROBEN & 2 #ifi L7 (van Doorn et
al.,2012) , LLEOWEFENE FTY720 O MS (Z81F 220 %1% SIPR1 LY S1PRS %
MLTNDHEBZLNTWS, —FH T, FomfHE AW BT, SIPR3 I&ME
DODFAER D 72 E O FTYT720 OLMERORIER & BET 2 2 L BRI T
% (Forrest et al., 2004; Sanna et al., 2004) , L727235 7T, SIPR3 {&FME~DEIR
P E X7 SIPR B ENER 28T 2 72 DICiZA A TH 5 &\ O K
WAL C7z, SIPR3 IEMEZ FF7= 720 SIPR 1EBh3E 2 5% L 75 7. L 7= ONO-
4641  (  1-({6-[(2-methoxy-4-propylbenzyl)oxy]-1-methyl-3,4-dihydronaphthalen-2-
ylYmethyl)azetidine-3-carboxylic acid; ceralifimod; Figure 4) %, SIPR1 }2TX S1PR5

BRI 7255 AR SIPR AEBIEECH D | s, KR D L SERMTTET 2 AR
TR LT &5 (Figure 3; Kurataetal., 2017) , FTY720 <° ONO-4641 72
ED SIPR {EENFKIZ Y /RERD SIPR1 ¥ 7 L ¥ a Lb—ra &5 E I L,
UL oRERE ZIRY kRO SIP REARICIERISICT 5 (Figure 5) . & DfE
F. SIPR EBISIE R Y S 60 U S ERBHALE T 5 Z LIk VR
R Y > RERE A 80 &5 (Matloubian et al., 2004; Komiya et al., 2013; Kurata
et al, 2017) . MS LU EKZMEZ R E L. MS IGROHE I AHERARER 2 I
VT ONO-4641 O EBARFRI 2 BMEN R &7 (Zippetal.,,2013) , 2D &
I% ONO-4641 7MLV L/ ERITEME B CAE R BT 2 A M2 s 3 rTREE
R LTV D,

72k, EERIZ ONO-4641 & [F U# Ao SIPR {F#I#K TH %5 siponimod
(Kappos et al., 2018) % TX ozanimod (Cohen et al., 2019) (%, S1PR1 K& O S1PR5
(TR L CTREWEIRMEZ R L, MS OTRIRIE L L TERR STV D, i biiF%
< @ SIP 2 A L 7 ANl O BRIRBHIE 23T 541 TW v % (Table 1, Cartier and Hla,
2019) A3, SPHKI, SPHK2 <° SGPL1 &\ > 7= SIP Ak - R EEAZ B E L
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TeFER L ER~OE BIXRERITH Y | £ < 25 SIPR ZAFEH) & L2 EAMEM CToH
%, ZOEHE LT, SIP BEEERAEIL, SIP OA72 57 Figure 1 IZR T £k
D A7 ¢ TNEE, IO U VIFEONRBIC b B L5 52 ENETH
N5, ZOIHREAZERMN, ARMEZREMIZ L, 22 2RIEHORBUZER 5
EEZLNTWVWD, W L, SIPRI ~O&ER M A @D 7= SIPR {EENERIE,
SIPIZ7 4 —HALTEAOF TR OIERSINIZAT IV —ThH V%< DIEA
BEAHDAEAES D, SIPR /EENHEIT MS IAMC b, EEMERIBR., 7 rn— 0/, &
M) 7T~ =7 A ffit, 7 FE—MERER, VU TFEWVWoTZEERED
TR TORMBENED 5 THY (Cartierand Hla, 2019) | At b H 72 5 k4
TREBOIEN Y DR TE 5,

1 BBEPRI%  (Type 1 diabetes mellitus, AT TIDM) [3HERRR SRAG 7228 ME H Ot
ERAT, BEENTIEICR U T v 2 25wt 5 B flaDRERE -
BRPBIE SN TS, BHIEOIEIRIIA A U LV RZOPERIFOFIK & 72 5 7=
O, FORMBWIC KD BHIRDOIT B, L0 BUVIBFEIIKOTF 2R L, &
FEOAEEDODERL TR EYGET DIOICHY R NIBLETH D, BfED TIDM
DIEFIETHLHA A U EEICE D= Fe— v oA AEIZR T
5205, 2018 FFITAFR T 2 BUBEPRIFIRIEEED sodium glucose cotransporter 2
BREAINA > AU PR OSMATE T TIDM ICHEISIER SN S Y, BED
BHOIBBRIENLE L SN TW5D, TIDM OJFIRITFEEICITMFH STy
D, FOFRIEITILT U/ ERE2 L7 pAROENE G L TW\WbH EE 2N
T\% (Katsarou et al., 2017) , FTY720 i% TIDM &7 V&) T H 2 IENETHE IR
J#% (non-obese diabetic; NOD) ~ U AZBWTH B TH S Z ENHESN TN D
(Makietal.,2005) . % Z CTH—HTiX, SIPR3IJEMEITT 2B INM A UGE LT
ONO-4641 73, FTY720 & [FIERDO ARG DD EHEHI L, NOD = 7 2 % i\
T TIDMIZXE9 % 55 AR SIPR {FEIHE ONO-4641 D IERGIA A 20 2 -4l L 72,



HARBEMEEM (aplastic anemia, LA AA) 131% KO F BEEEE R SIEGEREC
&% (Young et al., 2008) . AA TITRFEDIEHNZ T H CFLA DREFE DG EF M~
JVX—T U 738k (Thl) O'F#fi (bone marrow; BM) ~D{ZFIZ->7273Y | Thl
ITIE MR A AR & LTI, S R X U H R L0 BRI % fE R
5T ZEIRERENS (Chenetal., 2005; Youngetal., 2008) , = DfER, B
(2B D IE IR - BT ERHE Y (hematopoietic stem and progenitor cells, 2L HSPC)
OEMITIE SN D, AA BETIE, /bR, FRIER R OVE MER 2 4 759 5 fE

PN, I, KEERE, K OSSO Y 27 NEL e D, BERO £ FKE
T 5L AA ITESEN & 72D (Dezern and Brodsky, 2011) . AA OJR BRI AT DA
IZHBCEREINTND OO, FEEZEIT S50 FHBITMIE ST
Ve ZOJEKIE, MS 22 EOMo H CRERE & TR | THIISE2FHHET
% HEHFRIZRZFE SN TRV S THD (Youngetal, 2018) . UL,
AR & L <I3 Y > /7 (lymphnode; LN) i~ - —#fkE&MES L <1
TEMHGE GO R A LY By v v A CBHE L TR BN & Y HSPC %
R LT 2RBIEEEFETDHZ LICL 0 AAFERDBIE SN D BN TENEE
BESRE R 2~ 7 AT T AN SN TS (Bloom et al., 2004; Chen, 2005; Chen
etal, 2007) . ZODEBRI AA ~ 7 ZET LT AA DK DOL L 2R L,
PRIB DI & 72 D BE 2P0, IBREBEMONRERBRT 220 0EN =TT
LTH Y HHEE SIS 3TV D (Bloom et al., 2004; Chen et al., 2007)
ARET LTI BB KED Y VR EKRMEE RN & L CTE PN O HSPC O
AN EEN | EE Z shvhd, £/, SIP X HSPC Db FilEEmE & L CTER.
BESM LA 2> & 0 HSPC @ JikHiE SIPRI IZKFT D5 Z &AM ESI LTV D
(Massberg et al., 2007) . % Z T i CTiX, LN MEZBHEBRBH L =
F~ T RCBATDHZ LI K VIER LIZERY AA ~ U AET VBT 558
AL SIPR 7EEIEE ONO-4641 OARMEZ N L 7=, A T, SREMHFITH Y |



WEAF3E & LT 41TV 5 cyclosporine & A L7236 @ ONO-4641 DA 20
(ZOWTHRE LT,



73k

{LEME
ONO-4641 (F/NEP3E G T MK St bRt X7z, FTY720 X Cayman
Chemical 7>6 . plerixafor (% Sigma-Aldrich 7>% . cyclosporine ¥ Novartis 75

Neoral Oral Solution 100 mg/ml & L CTAF L7,

ERBY

M NOD/ShiJel v 7 A (LR, NOD w7 R) 1%, AAZ L7 #HRASHEL D A
FL7m, BEMENTASSR CSTBL/6NCr < 7 A2 (LLF. B6 <7 &) KOV hybrid (B6
and BALB/c)F1 v 7 A2 (LLF, CBF1 v 7 &) #HAT AT /L v — SN
AT Lz, TR_RTO~TAEZRE (24+2°C) | WE (5515%) . #5 (100% 5t
BESN SIS T 1545 [B1RFED) . MR (OGS K0 BARE 12 BFfE DA 7 L) OBRET
THIH LT,

TR T OB ERBRIT/ NS TRt T BRI R o B ) & EsF
THEEL, EOBGI L OTA FT A4 ko0& B ERETHLZEAS TF
RGeS B D & DIRFE A 1572,

L
L

E=3
[iE53

T )RR 2/ BREDAIE

NOD = 7 2% L < & CBFI =7 A2 0.01, 0.03, 0.1 % 0.3 mg/kg > ONO-
4641, PR (vehicle) & LT 0.5w/v% Methyl Cellulose 400 cP Solution (Wako. LA
T 0.5%MC) ZHBEIREAO#KE LTz, &51% 24 FFIC~ 7 2AOEERFAR L D i
RABRE L, RIEIM Y > B 2 2 IH B BB o r4EE  (SF-3000, A A v
7 A) THIE LT,

NOD ¥ ) X % FH UL\ =8 RE D F I %R O FEfh
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PEIRIG OFRIEIL, 2 [EOWERE L CTEEHR 27 /L 20— ZPRFEDS 200 mg/dl LA | &

IRl L TER LTz, ONO-4641 D TRz R %z, FEIRW 2RI LT~ 7 ADE|
B & U TR RPFIESRIT 0 3 L7z, 18 X OY 19 gD M 771 2 —
FEARE U, BEIRIS 2 580E L 7B 0 19 Il ERE O Mg R 77 v o — R PR FE I HER
FEMB BTN E D IZHEID AFF 72, 0.5%MC AR L LT L 72 ONO-4641
(0.01, 0.03 %21*0.1 mg/kg) . FTY720 (1mgkg) & L<I1X0.5%MC (xtR) %
e (19 B 76 43 i E TNOD v 7 A2 1 H 1[5 24 BEEREAEE:
L7z, Kaplan-Meier {£E(Z K 5 AEAFMIFR A2 ERC L. BERIBFIERZ 1 7T 7 E
(&0 XTHRHE & S GRE L TH L. P 5% A0 THERTFRICHE & LT,

NOD ¥ R % F L f- RS O ;e &%) R O 5Tl

ONO-4641 OIRFENRIX, FEIRIF OB (MAFEF 7L 2 — ZJREEH 200 mg/dl
U bED~T 20EIE) 12X > T L7z, 20-26 18 in o> fITHE PRI 2 F9E L 7
NOD ~ U AZERL THA T L, 0.5%MC Ziifk L LTI L= ONO-4641
(0.01, 0.03 XT*0.1 mgkg) . FTY720 3mgkg) . &Tr0.5%MC (KfHR) %4
FEWC T B 1 IE]12 AR B A5 L7c, ARICOWT, Fisher ELEEMERIRE
Ze I T IR & B I G REZ i L 7oA R, PAE 5% AR THERHFERIICAE & L
7o 72X, M 7L o — AR 200 mg/dl LLEDFETFNIE, FETEHE SRR
v AL LT EH-T-,

MPH TN I —RARERVA VR ViREDRE

o1 E (PR ICRETICTARNY VAEEFEX Yy E T —F 2 —T
(Drummond Scientific Company, 75 mm length, Heparinized) % F\ > CREER 5
e L 20 DMK AR L7, #BRYERGHIR DI, BRI B o855
(ZERIMZAT > 72, BRIl U7z ik i 3os O B (4°C. 13,000g, 3 40fH]) L Tz
FELL . WE F KBRS L, 2L 22— & Cl Test Wako kit (Wako) (2 T ifiL#E
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Fo 7V a—AREZRIE L, 550 OIMAEE-80°C THRAT L7, TRIFEZNR ORI
TIE, BT A RO G-BRAG 12 RIS L 72 i1 o X U JREEA LBIS
Mouse Insulin ELISA Kit (Wako) % FIWTCHIE L7z, Zed., MR R
FE S BRI AR (0.156 ng/ml Aii) DOFEHI DWW TIX, Z O % & BRI E
(0.156 ng/ml) & L TrR L7z, HIfERE & U TR L2 rA o A U o0 UheE
(residual insulin secretion ability) 1, #5317 HOMAEF A > 2 U AR 5

B5-BAMA 12 BgEOMmEF A A BEOLLE LT,

EERH AA T TILE RV FE

LBz hThHDH CBFl w7 AT, X MRS ZEE (MBR-1520R-3, HIZ/\U
— YV a—varR) PHHBILED 4 Gy DEF S (Total body irradiation.
LI TBD) #17-7-, 5-8 s, NI —ToH 5 B6 v 7 AHKD 5x10° LN i
OFIRNESIC L 0V BEHASE2FHE L (RREaE) . LN fIIX B6 ~ 7 AD
B, bk, WENXOIGEEY o G i Le, &38R CiE, LN MigdEA
7L T4Gy D TBl DAz~ A st e UTHA L7z, LN fMREA 14
HEIC~ T A6 MRz R L T, KMl Y > B & 250 B B B ik 53 44
& (SF-3000) T. KBEHOF#iHILE % FACScalibur 7 7 —H% A h A —& —

(BD Biosciences) THlE L7=,

0.03, 0.1 XT* 0.3 mg/kg ® ONO-4641 % TBI L& K& OV LN fifaiE A0 H (9
REAEE | HR) 26 13 A, 1 B 1 EEARA®RE L, f/MEgED % Th
HIFFEEE 4 B D~ U R TEE LIZIRE L ¥ A (delayed treatment) Tl
0.3 mgkg ® ONO-4641 % 10 A EHEOEE L, 6 KT 30 mgkg O
cyclosporine Z 13 Hff, 1 H 2 [EE A& OS5 L7, 2 AIOFHER TIX. 0.1 mg/kg
? ONO-4641, 15 mg/kg @ cyclosporine Z B, & L < JfH THEEALL 1 HE D
513 AL Lz, i~ D ZZIERBED 0.5%MC &5 LT,



20—HA FAMY—RUHRRAYSA FHA URE

B HEMARIX, PBS (Phosphate Buffered Saline) 6 ml CARBRE N & ¥iid L IRl
L. ACK lysis buffer (Lonza) TI&f#E L CaRIMEK & BRE U721, ¥ai% L T stain buffer

(BD Biosciences) |ZERE L7z, D%, ffE 2/ m 7 U G D Fe 25K % BEHT
T 2% 72®IZ anti-CD16/CD32 (BD Biosciences) & 3&(CHiflda 1 v % 2_X— R L,
FNT R —Hk T U "Ek8 72y ORI PE-conjugated anti-H-
2Kd, PerCP-conjugated anti-CD3, FITC-conjugated anti-CD4 } (* APC-conjugated
anti-CD8a (\\ 941 % BD Biosciences) T A Yt L7z, 1 M A T
B2, BREMIE % brefeldin A (5 mg/ml) DFLEF T PMA (50 ng/ml) &
ionomycin (500 ng/ml) {Z T 37°C T 4 RfEIHIITN L 7o, MR E LR O D728
PerCP-conjugated anti-CD4 2 (Y APC-conjugated anti-CD8a (V7 41 % BD Biosciences)
TYE LT MaNY A R A v OO 728 Hild % 2% Paraformaldehyde (PFA)
THEE L. 0.5% saponin (Sigma-Aldrich) TiEiEBWLEL L 7=1% . Alexa fluor 647-
conjugated anti-IFN-y % T} PE-conjugated IL-17A (Vx4 % BD Biosciences) TH:th
L7z, HSPC Z 3 57212, CD3e, CD11b, CD45R, Ly-6G/Ly6C } X TER-
192X % B4 F =i~ U AFURDIRETUA D 7 T v THilla z 34t L, Ik
VN, PerCP-conjugated streptavidin, FITC-conjugated anti-CD34, PE-conjugated anti-
Sca-1(Ly-6A/E) }2 (8 APC-conjugated anti-c-Kit (\ 741 % BD Biosciences) % {#
L CRifR 2 et Uiz, SYeto/Teie Btk 400 g, 4°CTim Doy BElC X v i &
[E L7z, F_TOREFA FACSCalibur 7 7 —H o b A —% —THHr Lz,

REFEREDRR

NOD ~ U7 A DIRIEEN R 25l L 7= BEEDO~ U A DAL AL T %, &~
v bV B E— L TRRER L, BRMES . AU ESE SO A Lo, Nz T
PERIFARIEIE CRIEIERE) K ORIER A GEIEEZEE) O~ U X HEHIME THRIC
[FTRR AN 2 fii HY U 7, fi U 72 Bl &, THC Zine Fixative 3% (BD Bioscience)
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WZCHEE LT, BEIRO T 7 0 o7 my 7 ZERL | IR RD R TE 5L 9
(RN IANC 3 d@ i T L 7o, IO ZHiA o A U UHUA (DAKO) TH
Y L, ~~ k¥ U (Polysciences) THuEGRA L7 (LAF, iAo RY >~
PURYLEAZEAR) , 2 # B OUI 241 CD3 #iiik (BD Bioscience) THuyuta L7-
%, ~~ bF UV QR T o7z (IR, HL CD3 HURYEIEA) , 5%V obl
o~ bV U R4 (Polysciences) Yt L7= (UL F. HE YeiEA) |

FEERH AA 7LV TITIRBEIE 14 ARICKRIRE 28I L. 10% i L
~ U BRI 48 WEHEE L CIK L7z, EHE T 70% =% / —/LH1Z 4°CT
RIF LT, TD%, NT 7407y 7 2L TURIEL, ~~ 22U UK
[0 =20 RS AT B

NOD ¥V A DREREBIRADREMN

LA o AV CHURGEAREAR, Pt CD3 HUABLAREA KL O HE BeafEARIZ SN T
BER AR 2 MR L. HoBig OBk 2 sl T & 5 X O e EMEREAT 2 & ik
MOWATRERE Ui, Hif v A U AR GRAD KRR 2710k LI Fifg
G, EGAENTY 7 R =7 (Win RooF Ver.5.6) % H\WTA > 2 U ik A
(mm?) ZHEMH L7,

ARNZ—ER7vtEA
an=—EHEAL (CFU) BOFHIO7-®, WELELE 14 BZICY TV ANBKR
BR-E N O #EIE 2 B E LU 7=, B 8EMIEE, Granulocyte Colony Stimulating Factor
(G-CSF) } UF Granulocyte Macrophage colony-stimulating Factor (GM-CSF) 35
% 77T recombinant IL-3, Stem cell factor (SCF) K NIL-6 # & e A F /L —
ABEH (MethoCult M03434, Stem Cell Technologies) (2 L 7=, TBI O A% 3
fE L7z~ 0 A0 LEE L 72 A BEME % 2x10* Al ia/ml CHERE L | JERIER/~ 27 1 7
7—van=—lRE (CFU-GM) ZzHliE L7z, TBIALE KON LN #IaEA %

10



X Te~ U AHROFHEMEZ . TBI HAMLE~ v 2 & [A CARIE TR L7,
12 Af, 37°CTH#ER%, BISLBMEIZ MW T an =— B OB o 21T

ST,

T X HSPC OREMENE

B6 ~ 7 AIZPBS % L < I 3 mg/kg @ plerixafor & 7 F#%45- L. 30 2312 0.5%
MC % L < 1X0.3mgkg D ONO-4641 #2545 Z L T8 HEEH 5 L7,
A&t 3 FEER . ~ U A BEM L, AR OFEIZ FACSCalibur 7 = —H A |k
A—F =z W TRERE O HSPC K OVE#EMIL, W ONZMm#gH HSPC Z#lE L
72

fRatfEe

SAS System Release 9.2 TS2M 3 (SAS Institute Japan Inc.) M ONZ DG 25
2 EXSUS Version7.7.1 (CAC Croit Corporation) % AN THEEHEMNT 21T - 7=, K%l
WZTEEWR L2582 RO Tl BRI FRI R A B M 2 B O EBR Tl t M
k0 EEAREE G UToRE & o IR 2 Lol U 72 5287 T U Dunnett fE 12 K D
HIE LTz, PAE 5% AW A iIAE S L,

11



BE—IR ONO-4641 D 1 BBERF/ETIVICE T 5 F %

LTS
ONO-4641 M T1DM ETILHIETFRHZIE

TIDM &7 /VEI¥) T 5 NOD ~ 7 A % VT ONO-4641 DIESE T F5hFe % i
L7z, ONO-4641 (T#% M4 5-1% 24 Wi CHEKAFRY RIS Y > SERIBA
MzErL, EHED 0.1 mgkg TH 80% D U > _ERB/MER NS b vz

(Figure 6, Komiyaetal.,2013) , A7 —Z 235X, ONO-4641 1% 3 & (0.01,
0.03 & TX0.1 mg/kg) ZF%E L7-, FTY720 1% 1 mg/kg TNOD ~ 7 AIZH1T HHE
RIFFEIE 2 BRI TIT 2 2 ENMESN TV D (Maki et al,, 2005) Z &5,
FTY720 OF 5 A&l 1 mgkg & L7z,

KTPREE (Control) OMEJRIFFEAEZR T G505 7 W% E TIX 0% ThH o 7203, #&
HBA4h 24 % F TITIF 40% £ THR A IZ EF LDk L, ONO-4641 #&5RET
IR G5B A6 24 7% T H5< .0.01,0.03 X TN0.1 mgkg DHETENZI 1%,
10% &N 0% CTH o7z, HIZ, v 7T 7 BEIC X 0 RHIRRE L ik LT 0.1 mg/kg
D E:T ONO-4641 DA E L PRI RN R Siz (Figure 7) . 7238, Botxtid
Th5HFTYT20 b 1 mgkg DHETHER TR ER LT,

RTRRHED MAE 7V 2 — AP, B EBIG 8 RO LA - ZE) L, %55
bh 24 WHIZ 255.3+73.65 mg/dl LR ES- L7z (Table 2) . 0.01 mgkg @
ONO-4641 #GREDMAE 7 /L 21— AR & & G-PhG 13 WML, &5
Bi4E 24 W IZ 206.4£75.44 mg/dl TH-o7=, —J7, 0.03 0.1 mgkg & ONO-
4641 B HEEOMAER 7V o — AREEIX, B 24 HEICBWTERLZR
135.0+£9.21 mg/dl X O 116.9+6.71 mg/dl &, xFFREE & bhlk U TR 2 #EFF LT
Too L2, 45 ONO-4641 # 51 & 6 & ORICAEZEITR O b o Tz,
F£72. 1 mgkg @ FTY720 &EGREDMBET 7L = — ZP B, B 5-BihA 24

12



IZFUT 122.4+6.07 mg/dl &, %FHREE & bhie U CRAIE CHEFF S 7z, R 71
A= ZPRFEITOWT, FTYT720 FELRRE L ORICABZEITRO bz oz,

FREOMAE 7V a3 — ZPREEOER] OHERS (Figure 8) T, xtHREED 10 fFilH
2 5l J2 1Y 0.01 mg/kg @ ONO-4641 B 5-#£D 10 il 1 i TlidimsEd 7 v a— 2R
FE2N 600 mg/dl L ETH -7, —J7. 0.03 mgkg O ONO-4641 #5-7E TIZFIEMN
RO DN T APFELTZ b OO, MHET 7V =3 — ZREOH E e LTS
DB o T2, 0.1 mgkg D ONO-4641 # 58 K% Y 1 mg/kg @ FTY720 $&5-7f
TIEFIEN T EIIHE S, Mg 70 22— ZPEEEDS 200 mg/dl BLEICE L=~
U ANTRO bR o T,

ONO-4641 ® T1DM E-TILDABRHIE

TIDM E 7 /VEI T 5 NOD ~ 7 R % T ONO-4641 DIREZN T 2 5F-l L
7o AR O EER & [ H &0 ONO-4641 % H\ 7=, 3 mg/kg @ FTY720 i NOD ~
U A DFERIFIIRREN R AR T 2 L EE S/ (Maki et al., 2005) 2 &35,
FTY720 O 5% 3 mgkg & L7,

xtHAEE (Control) DBEIRIFATFHRITEE 5-BAA 1 WHIT 67% &R ¥ 72 & — ki
IR T L7223, 20k E5- L, 85 8 BHEITIL 100% & 720 | R TR E
THifi L7z (Figure 9) . 0.01 mg/kg ® ONO-4641 -5 1E DB R A IR 3135 IR
HELFRETh o7z, 20O & ITXAYIZ, 0.03 LT 0.1 mg/kg @ ONO-4641
B GHETITHERIF AR GG 1 %D 7 HEETEAD L, HREEL
L CIRMED E £ Th otz BHBHEG 12 8% OREIRIFE A7 15 REET 100%
ToH>7273,0.01 mg/kg ® ONO-4641 £ 5-HE T 100%.0.03 mg/kg % 5-H£ T 50%.
0.1 mgkg HEHET13% TH o7, £72, 0.03 LT 0.1 mgkg O ONO-4641 £ 5-
FEI3oe R & Heie U THRICIRiEZ 7R L. ONO-4641 @ TIDM (Zxfd 2 1A%
ROMEFR STz, 3 mgkg D FTY720 & 58O F5-B4h 12 1% O BERIF AR E
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t 22% EXHRBEIC AN THEBEICEMZ R L, B O FTY720 $ 3 mgkg &
M ETIEH 505 TIDM ~DIGRIREH T 5 Z LAVR ST,

BREDMAEF 7 23— ZRPEVIX RBEO AT 7L o — R R G-B LG 5
WL TR I EF U, 5886 8 % IR K 596.4+96.98 mg/dl 7~ L,
e 5-BilAG 12 W4 121% 525.9+£96.95 mg/dl Z 7~ L7- (Table 3) , 0.01 mg/kg @ ONO-
4641 HEREOMAED 7L 3 — ZPREEIT, AR TRV OO REEL Y &%
LU, FEE & FRROHER 2~ LTz, —J7. 0.03 mg/kg O ONO-4641 £ 5-HE D 1.
e 7 L a— 2 REE, AETIEARWS OO GRS 2 % 5 RREH A
MECHER L=, £72. 0.1 mgkg D ONO-4641 ¢ 5 #ED M 7' L = — R s
(X, BeEBEA 1 %D O xHRERIC A MRE THERS LU, B 5BRAG 5 KO 8 IS
BWTHEBIKETH > 7=, BPEIRO 3 mg/kg D FTY720 ¥ 5 g 7L
T — APRPE IR AR CTHERS L, B 5-BAR 7, 8 N9 RISV TAH
EIRMEZ R LT,

MAE 7y 2 — 2R EOEBIOHER (Figure 10) Tl xHFREEO B GBI 118
% GBS 7 BZ ST TIE 7L 2 — ZPRED 200 mg/dl Al & 7= 3
HHECR S A, BEEMA 12 1% F T2 200 mg/dl LLEE o7, 0.01
mg/kg O ONO-4641 # 5#E1E, *HFREEE FEEOHER Z~x L7z, —J7 T, 0.03, 0.1
mg/kg ® ONO-4641 % 5-8E, K TO¥ 3 mg/kg @ FTY720 & 5HECI 1T H1fEd 7 v
T—RWEE, WTRL L EGBE 2 BRI TR 2L o — RREMMET
THEIN LA I, 1FEAED~T AT 200 mg/dl KL 7eo7-, LaL,
—IRO~ T ATIXREDFERIC EH U TREMNIZ 600mg/dl 22 7-X 9512, A
MR ZE DT O BTz,

ONO-4641 D TIDM ETILIZH I+ 2 EEHREER
BN R ORI TR EREOBENRN A > A U B S 2 bbig L7z (Figure
11) o RIJIERE (No Onset) DA > AV P HIfEIX 0.128+0.0472 mm? T - 7=,
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FAEE%RE (Immediately after onset) D A U U BEMEHEAEIX 0.074+£0.0325 mm?
ThU | RIIERE & LI L TRETH o 7o, iHHEE (Control) DA A Y Btk
MAEIE 0.015£0.0075 mm* TV | RIGFERE & el L TH BT o 7228, FBIE
EHEECITAE TlIR o7, 0.01 mg/kg @ ONO-4641 ¥ G5FED A 2 ) U BhME
A3 0.002+0.0011 mm* T V) | xFHERE & bol U TR 2 7= L7z, LA~L.,0.03,
0.1 mg/kg ONO-4641 K 5-RE % TN 3 mg/kg D FTYT720 E5REDA A U B
FEIXZ 4 0.027+0.0174 mm?2, 0.039+0.0352 mm? & TF 0.040+0.0225 mm?> T &
D SHREEICH A TEME R LT,

o BT R OME A R Y RIS 5B 12 & o A
YAV AREORIG E UTERAFA A R AR R L, XFHEEE. ONO-4641
Be5RE, FTY720 % 58 Tt L7~ (Figure 12) , 0.01 mg/kg @ ONO-4641 5
FEDFRAFA AV 3 UWEEIZ 4% TH Y | HREED 17% & g LT 13 R A > |k
K F L7, —J7. 0.03, 0.1 mg/kg ® ONO-4641 % 5-H£} OF 3 mg/kg D FTY720 4
BREDIRAFA AU o Waeld o R & i L TEfE a2 R L, 024 33%.
53% MU 33% Th oz, MHEFA R Y VREIE ONO-4641 O HEE LG TH
VMEM DR Sz, AMEBT Figure 111058 LIZEBICRB T B4 A Y BEMERE
OB EFRILTWD, Fo, &5HE 2 BROKEEROMIEH A 2 Y
KO va—2AJBEOMES (Figure 13) TiE, HERBENEM LT X TH~ T A

(Mg 7L 22— 2P BE <200 mg/dl) 25, MABEHFA 2 Y YREE 0.7 ng/ml LA E
HEFF LTz, — 7, A o2 ) VRENER TR (0.156ng/ml) LL R Toh -
TfkA A LD~ 7 A E, T ATIEEF 70 22— IR A 600 mg/dl LA
FLoOBEEOFERFTH ST,

FHEDOPERRD A > AV > J Y CD3 Btk o0 SR 2 (8 B YL 1% (Figure 14)
BT, CD3 B ORIEIZETORED A R U R o J8 JH TR0
BT, B REH OBENBIZIZIE L7z CD3 Btk (T U o 3Bk ITIEB e
TR bR o T,
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B

F—ETIX. TIDM E7/UIZEIT 5 ONO-4641 O in vivo 75k CTOH N % 3F
fili L 7=,

S1IPR1 J U} SIPRS D@EINAIEEFKE ToH 5 ONO-4641 (%, FTY720 & (% SIPR3
(k28I TR 72 5 (Figure 3; Brinkmann et al., 2002; Komiya et al., 2013) .
ONO-4641 % 0.01, 0.03 LT 0.1 mg/kg O & CHIRE G 24 FFi#£ (2, NOD ~
UADORKREML P DU NERERZN LK 20%. 60% KT 80% A L7z

(Komiyaetal.,2013) , ONO-4641 %, Z DKM U > Bk EH FIEEIZ TIDM
BTV OIIE % AR U THIHI L, 0.1 mg/kg O B THAE £ 58221 L7,
¥, ARBRIZIBN T, RO RIERIL 43 HEIZB N T 40% TH Y . O
TV —=F =B AF LIz 39 Ml TORIERIT 68% & DIFHR L D LRI
JERTH oo, FRIZIM L RBIEMROT- DO THRBR T, #5640 21 8
BIZHT=D 40 Wi T 42% (59 Bl 25 BIFEIE) 278D LW O BT —# 215 T
B, ZOEWNMI B8O n y FERDEBRREOEWIZLDWREENEZ BN
Too ARFRBRTIE 43 WHim E TRl L7223, BBMERITH 5 1 mg/kg D FTYT720 #
BHECHEIRFIIE D TERICHH S, AT FRIAERETH T2 L b AR
BRIZF 1T 2 FIEHNH OFEAMRIZAZ U7 &Il L7z,

F7- . HEME 24 BB OMIET 7L a0 — A EBET . SREEAELE . KW
T 0.01,0.03 &0 0.1 mg/kg @ ONO-4641 £ 5-FEDNETH - 72, 0.1 mg/kg O ONO-
4641 I XD HER TR L G, MiE7 Lo — 2 REOK T iX, ONO-
4641 D3RI U > BRI AR S8 BEIRIRN OFIE Z Ml L7- 2 & 2R 5%,
ONO-4641 X~ A MS ET /B TRMIM U >/ SERDOW K OYRZE R~
REZMET 5 Z LI X0 RBETEZMHI L72Z L5 (Komiya et al., 2013) .
ARARBIZEBNTEH ONO-4641 BPES~D YU L BRI Z s L=t 0 & Hig S
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. 254738k (Penarandaetal., 2010) (23313 % FTY720 OHHINER & B L 7= A
N=ALEEZD,

RN R OFRIZ BT H ONO-4641 [T EITIE U Tl 7 a— A JRE S
KT &8, BRI 2 EARIRAEICE U 2, TIDM (3 MS [RIER I B8 5 R oo e ) 23
E RN CHEINTEY, 2OAB=XAE LT, BEEN B Mz KiE4 5
77 B —T U L SERDSEERRN THIIN L CHAE,  OZITHIFENME T U v 3Bk
WmdsZeTctxonT7 = 2 —EEMH L TR 2L BRI TVD
(von Herrath etal., 2007) Z &6, vV RIZRLFTE MTBWTHIIERDN S
DIEFEBIE T H ONO-4641 DAIVEN G TE 5, £72, FEEMIOHFAIZ X D
A LAY EREDORIEN B h RO - W THERE S THR Y (Couri et al., 2006) .
ONO-4641 DIRFEHIHEGAZ K > THIEDOHEATW N H 725 B HlaOkEE % ko
LT LXK, AR UEEERGEE LRWEBENE X DR H D,
AIEFN R OFHGIZ 31T 29 FEALRR A OMA TlE. WL ORET b IS E BR
Z CD3 MR (T U > /3E8K) OREATRD Hitlz, ZiUE NOD ~ 7 A DR
HIRERR TH Y . RRERIZIBWNTSH T U /7 EKOD TIDM FEIE~D BL- A3 e
7z, NOD v U A TIXFIERTD 3-4 Hlkn CHREREFAD U o /BRI E 2B 42 &
1% (Jansenetal., 1994) 72, RISIEME CHEEJHAICBIZE SN2 T U 2 ERiZ
FITIRIERNIE Z o 7ob D EE R b, WEOHRE (Penaranda etal., 2010) 7>
5. FTY720 5%, NOD ~ v ZDOREEIZBEICRIE L Tz U o ERIT R E S
T FTY720 O TR RITER ~OH 7272V Bk oM B35 =
EDRIB I TN D, ABRTIL, ONO-4641 &% G5-HEN N FTY 720 B G-REIZ I 1T
DB RIR E G OB EFICS T U BRI MRS S, ONO-4641 KO
FTY720 DPERB~D Y RO E 52 5 RMEEZIHT 2 Z LI X VBRI R %
RLTZEEZ BTz, 0.03 2 T0.1 mgkg D ONO-4641 G Lzt &, 4 A
U BRI BB ISR CHERECTH o7, 2D L0 D, ONO-4641 1S
~O T U BRIZEEIHI L, TSk > TR DA R Y IR % (R
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THLZENREINT, L LR s, SEIOIERNEONTIL, ONO-4641
TGREL FTYT720 % GHED T U & ERIZHORREE S IREE & ORER 213580
S o Tz, FTYT720 O TR 512815 5 NOD ~ 7 2 DREgIZIRE L T
5TV Y/ kY7t > MENT (Penarandaetal.,2010) TiX, FTY720 23~/ 3—
T UK Z DR ST, SilEE T U BRI S A2 &
STz, ZOZ END, FRIZEIT D CD3 Bt 2RO ZE L ORI IZR
R D Z LW RBE I, NOD v 7 XD TIIEEEEERF (TNF-a) <°
A F =Tz y (IFN-y) REDTA NIA LD ERT L EHE SN
T\ % (van Belle etal,, 2011) , L72235 7T, ONO-4641 OEMMFI D, Hiiz
T U REROBER~D S 572 5B A I L, IFN-y OFEAEZIHIT 5 2 &2
WFEESND, LLZRA 5, ONO-4641 \Z X DERTOYA N B A v FEADIH
ZIRFET D72 DIITHE R DN METH Y . IRIIRE L TWD T U Nk
Y7y FERLNCTHRERD D, S HIZ, ONO-4641 % 0.03 &Y 0.1 mg/kg
OB THBENCEG LA, 42U R OFREA A Y Uk
REIEXTREE L 0 b o 7o, Z OETHFICHE TIERn-o Tz, T,
Bts T RO MAE T 7V 3 — RPRFEITT D8 2 O MR A R Y RS A g
Lo ARV a—RPREET o o T BRI L~ 7 AR oA 2 R
JE% 0.7 ng/ml DL EICHERF L7223, M7 v a—RBECTH-THRF~ Y ADA
VAU CREIRIEE A ERHBRLL T Th oo, ZAUT, RIF S RS A
BOA AN W DRFRIZIESUN T ONO-4641 IXIREN R %~ LT- Al fetE %
BT 5, ThHOREFIT, ONO-4641 BRI T 5 KM U o Bk E % )
SHE,FNCKVEED A A ) G Ri#E ST D Z L 2R S, LR
ST, TIDM E7 /MIEIT 5D ONO-4641 OZhF\ZBIE# I~ 5 EAMSFICIZ, T U >~
INER DR ~OREIHI 2B G- L TV D AR B 5,

ONO-4641 [T 5T HRIEIL U > NEREL DD MR 95 2 L3 TE 2703, 18
*£DZ v b EHWZiFZE (Komiya et al., 2013) TiX ONO-4641 % 0.1 mg/kg &\
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5V U RERBER &2+ oR T AEEROBRE L TH, #1596 FEE#% 10848

(IR, Z DR Y o EREGEAEMII I ThH D Z L RREN TS, £
T R EnELTL570 RT v 7 TER, ZDOLONEERIETH D Z Ly
O, AERIZBT2MREHKAFET 5 Z R <IEEARARELZFE LT W &2
BTE5, £, B b T U U /REREOB U 2 /RERD in vitro MIEFEREREAMIZBI L
T, ONO-4641 OFL CD3 Hiik L UL CD28 HLikIZ LD T VU o/ ERHESE M Y IFN-
yEEA, WNZHSRE 707 ) o MPURR O, 2 —a A % 41285 B Y~
RERHIE K QMg 7 a7 ) v G REARICKRTT D E A M L. ONO-4641 13 1000
oM DIRETHENTNDY U REROBEEEICK L THHA LN RIEMZ RS20
7= (Komiya et al., 2013) , AL, in vitro Ca AR S L < 1X SIPR1 (2%
9% cAMP FFERBRD 50% %N KR (EC50)  (Kurataetal.,,2017) o472 < &%
1000 f52L ECTH D, T HDOFERN D, ONO-4641 1%, U NEROMRBICEE A
FAETZ L HREROAEZRETHZ LICL D HEH~D U v ERiRE %
i U CRgs e ER 2342 2 L 2SR X, SR 2 e s PdIEl L 0 b
HEMDRENEZZ HND, L7eh > T, TIDMIGK & L TEMIERLINTITH
NTO DI EBREICRT LT TR DRk AR O 72 IS & 2 se e il iR ik
ELTh D ReRifiEL LT ONO-4641 (AT 5 AlREME L A% - T &
72U,

TIDM BF T LMAERB RO DY 27350, ETIDM O AX L0 &%
DY AT 1L 2-8 fiFEi, BHERERIE OGS OHET, /N LAERE OB RIS (R A 72
B, ARRRIETE . MEBDE) & RMAEE GEBINRIE LA, MM 7. RSBk
PEER) (253 Hiud, TIDM B O KRIMAE R BIX, FERE TIERW AL L0 bk
ITEL . TIDM BNOARERIET 2V A7 BIEFITEN T L 2Rt ET
ANFEHEND2D2H 5, TIDM (2B 2 LM EREEITTE & U OEEIIRME O S
THY., ZHUTTTE LT 7 v — A kil fE 2 Sk LT\ %, TIDM BFEIZBIT
DYERMEDRBOFIE Y A 7 1%, — MR & Hl U TR TR 3 /5, kT 7
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FETHY ., MEFOY 27 4% (Katsarouetal.,2017) , FTY720 (% TIDM
ET BV THEEZRT A (Makietal,,2005) . b h CIEEKRRABR CHES
L LTIHRE SN TW D EEZFHERT L e S 5 (Kappos et al., 2006) .
s ML 1X TIDM O G HHERBLOERIRFTh v | F 7z —MxEH &t L T TIDM
BETITODRBOWMAER R EOGIHED Y A7 BN@mWI L b, EiLEZ 5] &
BT XD RBEWEH OFBLAEET 52 XE ThH 5, ONO-4641 (X SIPR3 iGME4 H7
7oz | B RITITECE LR W ATREE DN E 2 DT, ARBROFE RN G |
1 ALBERIFIRIRIZ BT, SIPRI/SIPRS (ZiERAYZ: ONO-4641 1T HMEE R L,
A LAY EGROIEEIRE) SIPR AFEIEE LV & A Th 2 ATREMA VR S L7278,
ONO-4641 & BEAFIEH & DL EMEDZERIZOWTIE, A% EHE T 2 AR R
ZFERML, RAEL TWSMERHDH EERX D,

LI E, ONO-4641 %, ~ 7 A TIDM E7 /W NT, HEIRIFOFIEMS], 72 5
NBRIE FLOFRMEZ R Uz, ZOA B =ZAL0F, Vo HlinbD ) ko
HEMZ, RERIRE G & TR Y > EREHD S8 5 2 & TR
FoA A CEAMEEREZ TR T LD EE X LN (Figure 15)
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BE_E8 ONO-4641 DHAEFRHBEMETIVIZCEIT 585

LTS
ONO-4641 0 CBF1 R RIZH T3 Y VBB R

ONO-4641 1%, IR Y V734 fk DV BB M A ETHZ L2k, &
FEEN O KRR U > ERE 280 S8 5 (Komiyaetal.,2013) , ONO-4641 |2 X
% U BB N R MS BBE TRRO 5T D (Krédsser etal., 2015) , & Z T,
RO LY By R THD CBFl =7 AT 5 ONO-4641 DY o 7Bk 1E
%7l L7, ONO-4641 % 0.01, 0.03, 0.1 & L <% 0.3 mgkg O & CTHIAI#E
P57z 24 Beffte, AR Y > SERBUIHEIRAFRIICZ N 6%, 34%.
62% M Y 86% 8> L 7= (Figure 16)

TIOREBUFLETILIVRICEIT 2EEREAR

FZBRI) AA SEF /L1, TBI L7= CBF1 ¥ 7 A2 B6 ~ 7 A Hi 3k L EfEfkE &
BEFEAEREES LN M2 EAT D2 LIk D /ER (Chen et al, 2005) L.
ARET V% T ONO-4641 DIRFNR st Liz, L Ex | CBFl = U
A1, 4 Gy @ TBI & 5x10° @ LN #IIED7EA 14 H21Z, TBI HLE~ w7 2 b
belg L C, ARIfER (RBC) . I/ (PLT) . HIfLER (WBC) . S OKA if
BRI L% 7R L=, ONO-4641 1% 0.03 mg/kg LL_ECTIEH CBF1 ~ 7 A DRI U
VOREREAEICHD Sz (Figure 16) 72, 0.03, 0.1 TN 0.3mg/kg DHE%
KETNVOFHIIZ A2, ONO-4641 & L <13 0.5%MC (Vehicle) % 13 H
At 4G Uiz, EI3RBRAER 1| B&RICHE Y925 LN M AR A2 BME L
7= (Figure 17A) ., ONO-4641 [IHREAEGE 14 H#%IZ RBC, PLT L UMFH ERE %
M ERFICHEBICHIN & 72 —J7, ONO-4641 1% H L ERE & N X H-7e o 7

(Figure 17B) , F7=. ONO-4641 % 0.3 mg/kg O & TOIREN R %73 5 7=
DIT, PLT BOBA RO L RieER 4 A% oG4 5iA L7 (Figure
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17A) . ONO-4641 OJFHEAI 4 H %5 O 5 TlX, Vehicle 5 & thfg L TH
EAZEW PLT 38 b7z, RBC L O HEREUTEEZ R S 72 o T

(Figure 17C) .

I, BHMBEROEGRE L O e MR AA ORI STV 538
A, cyclosporine D FEERH) AA T WMZEBIT D E%FHE L=, cyclosporine @ 6
F O30 mg/kg ZHRHEAEE 1| HEES 13 B, 1 B 2 [mRA&E L7, HEEAR
~ U A|Z cyclosporine Z 5. L7- & 2 A, JHIERNL 14 HZIZ PLT & 4FHPERED
AEIZHEEZ R LT, cyclosporine £ 5-#£D RBC $tiX, Vehicle # RBC # & Lt
B L CETRL, IMETH 7= (Figure 17D) , & 512, 30 mg/kg @ cyclosporine
BOREO~ D A3, TR PSR K 18% F THRENEA Lo, 2k
cyclosporine DIRIEFMEDFER Th 5 AlHEMED B 5, ONO-4641 & cyclosporine |2
BT, WL RREDEGEUTOMEEZHWT 2 FlOGHZEREZBRE L
72 JRHEEAIE 14 H 21T 15 mg/kg D cyclosporine TH| X #L Z X415 RBC D
1% 0.1 mg/kg ® ONO-4641 OHFH THE S iz, M T, 0.1 mgkg ® ONO-4641
& 15 mg/kg @ cyclosporine % f 5 L7-#5 5. WWRERIL 14 H%® WBC, PLT
K O HEREIE Vehicle ¥ 5- & lE_RTEIETH - 7= (Figure 17E)

FFr—idED T Y VR BROEHA~DORBEEEIC & 5 FHMERERE

TBI AL J OF LN M E AT K0 5538 S 72 LM ERISAE O BEEE 13, BB
fo 2 BB U | BT 2 A DB - A R L7z, TBI HUALE ~ 7 & T TBI AL
& 6 HBRICKIRE OFMIEEOHEEDOW KA R LI, LirL, TOFH
MR 132 O% BARICEE Lz, sfRAYIC, TBILEICIA TB6 v 7 A0 5
BEC L7 LN M2 A Lo~ 7 A%, TBIALE 14 HZICE RS 250220
D B BE IR OETHEOE K Z R LTz (Figure 18A X TVB) , TBI ALE &
O LN HIfEiEA Z 52T 7o~ 0 22V TLONO-4641 % L < 13 0.5%MC (Vehicle)
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ZIRREAEE 1| HiE 5 13 HIRH AR NG L, ONO-4641 % 5- 73 B Bl a2 2
WIS E 5 Z 2R Lz (Figure 18B TN C)

ONO-4641 | U L/ ERDO FIFERFTEIC LV R ~D Y BRI 2 [HE
%2 EMNRENTVD (Komiyaetal., 2013) , BHIAREET /LIZEH T H ONO-4641
OVERMF 2R T 572012, B2 T VU REKOR 2L —yva v oEE
BRET T U >/ SER~— B — OfRHTIZ X D IEHEALEE O] 23772, B6 v A
H3kd LN g (H2*®) % CBF1 v~ A (H2%) (CTHEA LD, 7e—3A k
ARNY—HIZCLVBHE L T U RNEKERETHATEOIC R F—~y R LY
BT R U AD H2KA NT B EA TOENEFIHLEZ, T7hbb, —EDH
BN S Ly B MR O H-2Kd BB 2 br& . K —H3ko CD4
Bt T U L RER . CDS B E T VU o 7RBRICIS 1T 5 IFN-y L O X —1 A F 2 17A

(IL-17A) DFEHLZ 7~ L7z (Figure 18D) . R —HIkdD CD4 (G T U L/ 8K
& CD8 G T U 7RERODZE LU VERE~DORIEN, WA 14 HEEO~ T AT
BIZE I N7, ONO-4641 £ GRETIL, N —HkoD CD4 [ & O CD8 B T Y
v REROREDEA LTz (Figure 18D XK OVE) o IZ, ‘BRET CD4 BT V o~
ANERIZEBWT, Thl KO Thl7 S pOs ORER)~—F— & L THIIAAN TFN-y &
NL-17A DFEHLZ 55341 L 7=, Vehicle BEDO B T K —H 3D CD4* IFN-y* (Th1)
U NERM N CDS B T U o/ SERBUTHEIN L. ONO-4641 25 L7c~ D X T
£ Thl U > 73Ek, CD8 G T U Bk 7k v DD 03380 b7z (Figure
18D X TVE) , CD4'IL-17A" (Th17) U > /SERIZBEI L TH R Z2 R3O
O, IEREICHEIT 2 BEHCORMEN DTN TH Y | FIERER TIE o7, &
ZTORSNTE FT—HRD T U BRI OBLEF L, ONO-4641 DRIFIM Y /3
B TER EBIE L TW D ATREMEDN & D, UL EDORERN S, ONO-4641 (L N J—
HI3k D CD4 Bt K O CD8 Btk T U v/ BRO B Hi~DiR M2 HEHET 5 Z & ic X
D . BREO LR FE O A T 5 2 L RIB S T,
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ONO-4641 #: 5% 0 HSPC #iX D EAH

SIPRI |F&EMeEpHifaic ©FBLL TH Y . SIP (TBHED S MK ~D HSPC D
HAERET 2 Z 28BN TS (Massberg et al., 2007) . ¥RIZ, ONO-4641 73
AR AA ETI)VTERET HSPC BB 22 iat L7z, #iv T, Lin Sca-1"c-
Kit" = —F —RBAUFHEML 2 5487 L, HIZZ4 5 % CD34 Bk & CD34 fatk
SYENZT T2, ~ 7 AEHE Lin Sca-1" ¢-Kit™ ALK 5323 HSPC 76 72 % 73,
B #f Lin~ Sca-1" c-Kit" CD345#ifld i T RWIE MEpMia 2 2 Z L AmE SN TVD

(Osawa et al., 1996)

EHEICIIT 5 Line Sca-1" c-Kit i & OF Lin™ Sca-17 c-Kit" CD345fiid D%
TBI HUMALE ~ © R & fhig LT, TBIALE K OV LN Ml A 221 7o~ o 2 Tl
L7z (Figure 19A) . (2 0.3 mg/kg > ONO-4641 H&5#ETid, TBI ALE K Y
LN FlAEEA TO Vehicle #& 585 % O8 TBI @ Vehicle £ 5-#F & bl L C, i
HREM OENEEITHIMN L. (Figure 19A X UYB) . T 5 OB OREREN I
T2 BT 5720, CFU zE sk L CiEfiE M 2 5F i L 7=, Vehicle %5
O TBI AL K& OV LN AR ARE Tk, TBI HALERE & bl L C, TBI i 14
H % OFBEICAFET H CFU-GM = =—# 238 L7z, 0.3 mg/kg O ONO-4641
B 5/ ClE, Vehicle #5- TBI L& & OF LN Al ARE & bl U T E 72N 23
B b7z (Figure 19C) . Zh 5 OFERIT, ONO-4641 73 AA EF /L~ 7 ZAD
BHEICIWT HSPC E/AFHET L5 2 L 22T 5,

ONO-4641 & i L 1=1% & D plerixafor 5 HSPC MO R45MmEh 8 5
plerixafor (AMD3100) |X SDF-1 @52 %A CXCR4 ~DFEHL/EHIZ L 0 | CXCR4
(& A7%E HSPC OARM M E) B % #9503 5 (Broxmeyer et al., 2005) , SIP & SDF-1
OO 7 v A~ — 27 35 &0 ME A & 3 il g SEAE g o E B 2 i T 5
(Golanetal.,2012) , HSPC OFHfilZ351F 2 ONO-4641 DAL %2 & HITHGETT 5
728 plerixafor #EFEMERTERMINE) B £ 7L 2 FlV iz, 1B~ 7 A2 ONO-4641,
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plerixafor & L <IXMA % 1 H 1 [F 8 HfH#& L L., HSPC OZAbLZF L7, &
BT HSPC DEEE 72281k i%. ONO-4641, plerixafor & L <IZFEFH OV LB
BINRDo T2, BREMALIE plerixafor ALEE Tl L7z (Figure 20A) . BEM#H

(Golan et al., 2012) @ X 5T, plerixafor {5t O HSPC 2D HE N AN Mg 12 1
HEn, ZEER2RY | Mg+ O HSPC %X, ONO-4641 MLERIZ L V(KT L
7co ¥ U A% plerixafor & ONO-4641 OHFHIZ LV | plerixafor (Z & % Ifi. 7 HSPC
HINIE ONO-4641 |2 X v L5 =31 (Figure 20B) . ONO-4641 |X CXCR4 {7
BEFIZ K 5 HSPC ORMMMEN B 2 HE 25 2 L AR S iz,
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B

B TR, EBR AA ~ U ZE T LA VLT, ONO-4641 O invivo {EH O Ff
WaEHLMMT LT,

INETICE MEROET L~ U A TR {72 SIPR FEBISEOIER T, ik 72
AT = ANTER LTV D, E2RBEHIT, MR COEAFFE SIPR1 47
LXal—vareEIbNT0n5, ZOSIPRI DX T LXFal— 30k
PERERUFEHTEM (Figure 3) L FRTHL, kU Sl DD U o BRO A
M52 Lk 0 REImF DU o EKDWA E2 5] X 23 (Mandala et al.,
2002; Schwab and Cyster, 2007) . ONO-4641 [X. SIPR1 }2TX SI1PRS (Zi®INF/2 5
AR SIPR EEIFETH Y | FERICHINARE T SIPR1 DX U L F =2 L—
I EHETDHIEEERL TS (Komiyaetal, 2013) , ZTOEAICHESE,
ONO-4641 # 512X W L B h® CBFl ¥ 7 AZB W T HARMIM Y > Bk
A BEARAFHNID Uiz, 7235, SIPRS X HHXAFRERITIZIFPEMAICFBL L, =
WAV 7 Fath A MIREBEL TS (Jaillard et al., 2005) Z &0 H, AA~
U AET VTR S AMEIC ONO-4641 @ SIPRS HlfHIAAF 5 L TN 72ua]
REME RIS D,

Chen HiX, TBI % F7z L vy b~ R|Z[AFE LN M2 FEAT 52 &
2 L DN TEE B EE R 2~ AT )L &2 BA% L7 (Chenetal., 2005) , %
DERE) AA £ 7 /LT, TN SIPR FEEIEE ONO-4641 23 5 /M {EJR RE 2 KB A1
5 Z L&A LT, TBIALE K O LN My AOE A 25 #5-Bis L 72 ONO-4641
13, HEKFHIZ RBC, PLT KO PERE AN S 7z, —J7. ONO-4641 (3~
U ADKREIM Y SR KER Sy AT D B LR A I S 22 h o e,
Vehicle Z#5- L72IEH~ D7 AD Y L REREy A MERE I 81% TH U | 0.3 mg/kg
D ONO-4641 13V > RERZW/D S5 Z L1280 43%1238) & H7= (Figure 16) ,
Z D ONO-4641 ORI Y 7 BRBUERNT, BMERE DO ZEEDMEN & T2 o 7
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ZEIBBELTWS EEXBND, & BT, PLT HOBL MR S h b Rieait
4 H#EDH D ONO-4641 DIEHE L Y A > (delayed treatment) (23T HAZNEE
R LTz, Ln L, ZOBEIFMK < | Vehicle #65- & Fhiiz UC PLT £330 L7223,
RBC R OF P ERBUIIEIN L 227207z, 72720, ZDWREL T A TH ONO-
4641 B HIZ L0 BRI L7 Z &6 RBC LOFHERD L)L % [H]
BSEDITTL Y BWVIBEMBENLETH L Z ENTRB I D,

cyclosporine IZHUMIARHINE 7 v 7Y > b 2 AA OERERFICASEH SN T
W5 (Peslak et al., 2017) , Z® AA ET /b~ ATIL, 30 mgkg ODHED
cyclosporine 7% RBC $t & /b S &7 28, ZAudfEm & o K 5 2R RP I8 52
SNDRWERIZEITH D0 Lit7Zely, eyclosporine & i L7z & & D ONO-4641
DAINEEFHE L= & 2 A RKETITEIT 5 ONO-4641 O ik i £ (0.3 mg/kg)
LLF? 0.1 mg/kg C. [RIERIZ cyclosporine ® ficiii FH & (30 mg/kg) LLF D 15 mg/kg
ZOFH L7z & & WBC, PLT R OMFHERE N L=, Z OFEFIL. ONO-4641
DY B BR N HEAE M O cyclosporine DS IR IC IS < R D2 ZE
nEoNZZ L b0EEEZ BTz,

ONO-4641 1%, FF—H kD T U U/ EROEHM~ORM 2T 25 2 LT &
| BB OMIE A2 GBI T 2 2 E AR ENTEI Y . ONO-4641 D ARFEIM
U U SERBUMERICIE, R —HkD U v SBRZ Mol 2B 5 LT b L
22X N5b, F72. ONO-4641 1%, IFNy' CD4" T U > 3Bk (Thl) KUOVIL17' CD4*
T U 2738k (Th17) I ONZ CD8 BtE T U v 7"k &2 B8 3\ TR T -
7. Thl Je O Th17 SIZISE X, AA KN AA ¥ U R ET L CTEBAREORIEIC
BGT 52 ERMESTEHY (de Latour et al., 2010) . ONO-4641 1255 U >
PRERBUDERIE T U 2 ERIZE O BRIBIZ I 2 S ok
FRC X DA RN RERTZ LR I NIz,

BLIRIZRNZ &I2, SRS LN T — X 1L ONO-4641 28 AA ET /L~ T ADFE
BEIZ3 T HSPC OFfEA 72692 L 2385 %, SN2 5 O HSPC O
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B SIPRY IZHKAFE L. HSPC XKV @iy SIP JREEIZ A 2> > ORI I 1 I &)
9% (Massbergetal., 2007) , €5 A > SDF-1[X, HSPC D H —DDFR 7
LFEFHSIWETH Y . T O CXCR4A 1L, HSPC O A ifn B B |2 H E 7 4%E]
5, LANCHE Sz X 21, SRR O 0% O B B O 72 91258 M
faz KA IZ B B 3 5 72 I H S5 3HITh 5 CXCR4 5 H13E plerixafor 1,
IE%~ U A TiX HSPC ORIEIMEN B 2558 L 72 (Golanetal,, 2012) , xfHRAIZ,
ONO-4641 X1z H > HSPC #5% /) &, plerixafor #% ¢ HSPC KM fEh 8
ol L7z, 27 —4 13 HPSC OB H & R ME 5123 T SIP/SIPRI LY
SDF-1/CXCR4 ¥ 7 /N7 o A h—27 %8 502 LTz, ONO-4641 1 ZHfw
KD SIPRI 24 7 LF a2 b— kLT, SIP IZXT 2 RIEEMZFHET S

(Komiyaetal.,2013) Z & THHEED G MHE~D HSPC OfgHZ MW L, £ D Tk
¢ HSPC KA1 Eh B DOF%E|Z SDF-1/CXCR4 D> 7 F VWA H-9 5 Z & &#7R
L7z, &6, U AET /LTI, T SIP ZpEA$ %5 RBC & PLT 3 i
Liziz®d, Mo SIP RENEFIREL D IR Ro7c 2 LIS HERT 50
HLAR, WTRIZE L, 2D ONO-4641 ¢ HSPC K AH if&h B W EMIZ &
. B#EN O HSPC 238D LTRBAE ~ 7 A 13050, TBI BMULE ~ 7 A Lt
L TH ONO-4641 &G LIyiiBAai ~ 7 A T3 EHEN HSPC EA &I
EToH o7z, HEHT XL, ONO-4641 EHEIZIS1T D HSPC DOEFEA AL ITH
W22 LT, ONO-4641 D3R LT AA BT /L TOIRFRI R 5 2 D3
TER7R T HITBURARTHh 5,

UL EOFERN G, ONO-4641 1% K —HkD T U L/ Bk 2 #ii U, B
(&M 2R ST 5 2 LT, LERBUMESC BB OMEE 2 R 5 = &
MR &7z (Figure 21) . SIPR {EEhEEIX AA OEITALET HZ L2 HME L
To. ALERFRIRFE L R D RN & 5,
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ARFSECTIEES A SIPR /EEh3E ONO-4641 (2R3 2 LA N O FI R 2157,

1. ONO-4641 X, ¥ U A 1 BERIFE T /LTI T, HERIHORIEM, 726
IRIR EOFRMEE TR Lz, £2F0A =X N0E, RO Y > SERE
DD BN DA 2V EAMBOREERIC L D b0 L ST,
INHDORERNG, ONO-4641 O 1 BUBEFRIF 6 2 FBIAREE L LTow
REMEZ R LT,

2. ONO-4641 [FFEBRAFARNBMEAM~ T AET VBT T U N ERET
HSPC Dk 2 FH U PLIM BRI E & OVE REE 2 88 2 2 & Zn L7e,
AAERIL, ONO-4641 OFFARN B MAZ 33 2 FrifliaiIL & L Co gk
R LT,

LIk, Fx i ONO-4641 78U o RERSTTEME DR RIEIC RN T2 & E A bND

H OSBRI T D IR I L e 0155 Z L AL Lz, BEICS%

PEREALIE OIRHRIE & LT T AHERPR AR B & 0t L 7= #8552 £ ONO-4641 14,

b N TOREGOREMENHEL L T\ D, 4%, AWFIEE JCIC, FrElomESREEIC

xt U CREAFIE & bl U7 it - BB 2Fis % A3 2 & T, ONO-

4641 DFHUERIE L U CTHEEMEDN RSN D 2 & 2R T 5,

¥, RPAGR L, LT OFGR X ONFICESNTEINTZ LD TH D,

1. Shioya H, Inagaki Y, Hiraizumi K, Hoshino T, Kurata H, Habashita H, Sato K,
Nakade S. Preventive and therapeutic efficacy of ONO-4641, a selective agonist for
sphingosine 1-phosphate receptor 1 and 5, in preclinical models of type 1 diabetes
mellitus. Biol Pharm Bul. in press

2. Komiya T, Gohda M, Shioya H, Katsumata S. Sphingosine 1-phosphate Receptor
Modulator ONO-4641 Regulates Trafficking of T Lymphocytes and Hematopoietic
Stem Cells and Alleviates Immune-Mediated Aplastic Anemia in a Mouse Model. J

Pharmacol Exp Ther. in press

29



KL aFELDODITHIY, KBl THEZBH £ LY HETH
HEBERER, RO WCIMEZWH Y F LB MAemFgrses Il
HIZ I Z OB EMED TLE 0 R L R E9,

F o ARMFGTIT NI T3St KIEEMFSETIC TIThivE Lz, A
el NZFRSUERC DS 2 52 TR &Y, W a2 5B & L7 igir -t i
NI IR — 1 LA, OB R L, KIS0 5K
HER L EFET, Elo, AFRICET D5 CERAOERIZH T2 0 | eI 7
ZBiE. ZWHAOETES E Lo HERIE L SRS, AR E L N
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Maolecule Targeted Proposed or Current trial
Drug name N Sponsar CT D
RRMS Marketed
Transplant il NCT00093801
B CIFD Ml NCTO1625182
Flggéllrmd S.H;’RI-J;:I E; -4, Nouartis o ” NETONT31EGD
(Gilerya) 2 (INFORMS)
ALS Il NCT01786174
Asthma Il NCT00785083
NCTO1665144
SPMS FDA approved (EXPAND)
RRMS Il NCTO1 85821
Siponimod | . Active
BAF312 (Mayzent) S1PRI and -5 Naovartis desrmat s Il NCTO2020274
Hemarrhagic
stroke, ICH Il NCT03338998
Hepatic impairment | NCT01565902
uc Il NCTO1375179
KRP-203 S1PRI and -5 Naovartis I-IemitchE o l NCTOIZ47
LOCEica [ NCTO1830010
malignancies
NCTO3232073
E MS il
ACT-128800 Ponesimod 11 % Actelon (OPTIMUM-LT)
At~ Psoriasis Il NCTOL208000
ACT-334441 Cerenimod  S1PRI and -5 Actelion SLE Il NCT02472795
APD334 Etrasimod  SIPRI Ares uc i NCT03945188
Pharmaceuticals
- T o
S ohr ~ NCTO3440385
RPCLO63 Ozanimod  SIPR1 and -5 (Colgere) T NCTO2435992
B uc il T UNCTOZ53i12%6
RME Ml NCTO2576717
ONO-4641 Ceralifimod SIPR1 and -5 Ono RRMS Il HCTOI e
(DreaMS)
RRMS Il NCT01742052
. S1PRI, -4, Mitsubishi Crohn fi NCTOZ389750
MT-1303 Amiselimod — —_ "o Tanabe Fsoriasis i NCTOIS&543
SLE | NCT0Z2307643
Atopic dermatitis Il ACTRN12617000763347
AKPLL S1PRL Akaal Pharma T i ACTRNCETO0E5 55
e NCTC1431937
GSK-2018682 S1PRL GlaxoSmithKline RRMS | (PLATI4347)
BMS-986104 S1PRL Bristol-Myers Squibb RA | NCTO2211468
csom7 S1PRL Daiichi Sankyo, Inc MS | NCTODE16733
ASOPNEP et I NCTOL762033
tmoes T S1P antibady Lnath Inc / P carcinoma
(Sonepcizumah) SONEP i peittne £ Etzer D | NCTO1414153
(Mexus)
Cholangiocarcinoma Il NCTO3377179
§ - He patocellular
ABC204640 O\Eﬂfa“h SphK2 RBdHIﬂ B.I;ID‘-:EI'I'I'IE carcinana Il NCTO2933807
(Velivac) mite - | NCTO1488513
umer (ABC-101)
DHS . Locally advanced or
(L-threo-dihydrosphingosine) Safingol ApLd RLREEA metastatic solid tumors L NCTOO0S 4512
LX3305 SPGU Lexicon Pharmaceuticals RA Il NCTO0203383

Table 1 S1P modulators under development or in clinical testing

Table 1, Cartier A, Hla T (2019) Science. 366: eaar5551.

RRMS, relapsing remitting multiple sclerosis; PPMS, primary progressive multiple sclerosis; SPMS,
secondary progressive multiple sclerosis; RMS, relapsing multiple sclerosis; UC, ulcerative colitis;
CIPD, chronic inflammatory demyelinating polyradiculoneuropathy; ALS, amyotrophic lateral
sclerosis; SLE, systemic lupus erythematosus; SCLE, subacute cutaneous lupus erythematosus; RA,

rheumatoid arthritis; AMD, age-related macular degeneration.
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Group Grouping 1 week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks 7 weeks 8 weeks
Control 118.3 118.0 118.2 123.1 117.2 114.0 116.8 124.0 143.6
+4.68 £3.65 471 +5.67 +4.78 +3.79 +5.02 +9.35 +35.38
ONO-4641  116.3 115.4 120.4 120.3 121.7 112.4 122.1 115.6 119.5
0.01 mg’kg  +4.27 +2.83 +5.02 +4.95 +4.96 +3.99 +5.70 +3.80 +5.68
ONO-4641  117.6 116.8 116.4 133.2 122.0 115.3 122.4 117.1 118.1
0.03 mghkg +4.24 £586  +£3.54 +£17.96 +9.26 +4.55 +7.24 +6.77 +6.86
ONO-4641  116.3 114.9 117.3 119.5 113.5 109.9 109.3 103.0 109.0
0.1 mghkg  +3.18 £4.68  +2.83 +7.36 +6.04 +5.20 +3.81 +4.30 +£5.04
FTY720 116.1 118.6 113.9 120.2 114.8 113.8 120.1 111.2 115.4
1 mg/kg +4.79 £286  +4.48 +5.73 +4.50 +4.12 +3.39 +2.40 +2.85
Group 9weeks 10 weeks 11 weeks 12 weeks 13 weeks 14 weeks 15 weeks 16 weeks
Control 153.0 123.5 132.1 146.9 147.5 182.7 172.3 206.3
£3040 £1592 £20.53 £2398 +27.81 +£5801 £53.09 +78.02
ONO-4641 1279 112.1 123.4 125.7 128.6 182.2 187.8 195.4
0.01 mgrkg +4.39 +£558 +1023 +7.78 +1571 +£4649  +£5342  +£66.79
ONO-4641 1263 111.4 125.9 126.9 123.3 120.6 130.8 124.4
0.03 mglkg +5.27 +3.77  +7.01 +6.87 +£5.35 +5.74 +7.27 +6.32
ONO-4641  115.6 105.4 111.5 111.6 106.3 110.0 108.3 109.9
0.1 mg/kg  +3.26 £824  £8.09 +7.80 +4.53 +7.73 +4.63 +7.95
FTY720 124.3 119.3 103.1 116.4 117.6 109.6 110.7 101.0
1 mg/kg +4.47 +4.38 +2.28 +4.09 +2.75 +3.11 +5.03 +4.07
Group 17 weeks 18 weeks 19 weeks 20 weeks 21 weeks 22 weeks 23 weeks 24 weeks
Control 194.3 177.6 185.2 233.8 227.2 225.7 246.6 255.3
£6438 £5560 +£5872 £7889 £60.01T £7476 £9023 +73.65
ONO-4641 1949 201.2 208.5 201.8 196.1 196.9 206.5 206.4
0.0l mg/kg +71.68 +£7511 +£72.05 +£8021 +67.78 +60.68 +73.73 +£7544
ONO-4641  126.0 127.1 139.0 139.9 137.1 142.4 145.9 135.0
0.03 mghkg +7.89 £874  +£9.84 +9.48 +10.03 +11.61 +7.95 +9.21
ONO-4641 1173 115.2 113.6 122.3 116.9 116.3 117.3 116.9
0.1 mghkg  +3.98 £6.56  +8.49 +5.98 +£5.51 +4.53 +3.67 +6.71
FTY720 111.1 113.9 114.5 116.2 118.4 114.9 115.6 122.4
1 mg/kg +3.95 £155  +£3.39 +4.25 +3.61 +1.59 +4.42 +6.07

Table 2 Changes in plasma glucose concentration related to the preventive effects
of ONO-4641.
Non-obese diabetic mice without diabetes mellitus were treated with 0.5% methyl
cellulose (Control), ONO-4641, or FTY720 once a day for 24 weeks from a grouping
date (19 weeks of age) to 43 weeks of age. Plasma glucose concentrations (mg/dl) in the
Control group (n = 10), ONO-4641 0.01 mg/kg group (n =9), ONO-4641 0.03 mg/kg
group (n = 10), ONO-4641 0.1 mg/kg group (n = 10) and the FTY720 1 mg/kg group (n

=9) are expressed as the mean + standard error ( represents data obtained the last week

before death). Plasma glucose concentrations in Control and ONO-4641 groups were

compared by Dunnett’s test at each timepoint. Plasma glucose concentrations were

compared between Control and FTY720 groups by the Student’s #-test at each

timepoint. A two-sided test was performed and the significance level was 5% in both

tests, but there were no significant differences between groups for all tests.
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Group Grouping 1 week 2 weeks 3 weeks 4 weeks 5 weeks 6 weeks

Control 290.2 296.1 368.7 373.0 413.8 483.9 464.4
+21.61 +47.26 +73.89 +66.70 +73.74 +73.53 +78.52
ONO-4641 302.8 360.9 425.4 496.1 595.1 623.5 653.3
0.01 mg/kg +29.22 +62.68 +80.99 +85.72 +75.88 +82.90 +77.63
ONO-4641 314.1 369.7 325.9 367.8 363.1 432.1 372.5
0.03 mg/kg +32.79 +46.93 +69.73 +100.20 +£99.80 +109.88  +£105.50
ONO-4641 274.6 247.5 184.3 186.8 222.5 195.1 206.1
0.1 mg/kg +25.11 +24.70 +34.35 +24.07 +51.47 +38.11° +44.33
FTY720 295.8 274.0 289.4 263.8 278.8 282.0 259.6
3 mg/kg +2532 +41.34 +61.84 +71.64 +71.36 +81.17 +67.84
7 weeks 8 weeks 9 weeks 10 weeks 11 weeks 12 weeks
Control 506.4 596.4 546.6 527.6 531.5 525.9
+91.32 +96.98" +87.38 +80.75T +76.80 +96.95
ONO-4641 720.5 669.7 792.5 677.7 734.8 788.3
0.01 mg/kg +89.10 +59.037 +112.06 £93.28 +87.017T  +£36.87
ONO-4641 379.2 416.2 409.3 395.4 405.1 376.6
0.03 mg/kg +111.92 +£123.02 +£121.73 +115.59 +£12522 +£99.34
ONO-4641 199.0 198.3 221.0 231.8 246.9 236.9
0.1 mg/kg +50.08 +53.56" +£69.42 +77.21 + 88.80 +85.42
FTY720 261.3 296.4 274.0 306.7 297.2 280.7
3 mg/kg +68.41*% +97.31* + 86.35% +103.04 +£96.68 +96.62

Table 3 Changes in plasma glucose concentrations related to the therapeutic effects
of ONO-4641.

Non-obese diabetic mice with diabetes mellitus were orally administered with 0.5%
methyl cellulose (Control), ONO-4641 or FTY720 once daily for 12 weeks. Plasma
glucose concentrations (mg/dl) in the Control group (n =9), ONO-4641 0.01 mg/kg
group (n = 8), ONO-4641 0.03 mg/kg group (n = 8), ONO-4641 0.1 mg/kg group (n =
8), and FTY720 3 mg/kg group (n = 9) are expressed as the mean + standard error at
weeks after dosing (1: 1 death, §7: 2 deaths). Plasma glucose concentrations were
compared between Control and ONO-4641 groups by Dunnett’s test at each timepoint
(*P <0.05, **P < 0.01). Plasma glucose concentrations were compared between Control
and FTY720 groups by the Student’s #-test at each timepoint (#P < 0.05).

40



Serine + Palmitoyl CoA

SF’T*

AP Hexadecanal + Ethanolamine-P 3-Ketosphinganine

* S1P lyase reductase *
phosphatase

Sphinganine-1-Phosphate g2 Sphinganine
SPHK N
D ('e'r4 caramicase

S1P lyase

synthas

“— Sphingosine-1-Phosphate Dihydroceramide

P“OSF"?EFE‘SE+* o ceramidase DH-Cer
Sphingosine desaturase

Cer syn ”’Eﬁ Ceramide kinase
synthas SMHSETlSM synthase
Ceramide-
Glucosylceramide Sphingomyelin 1-Phosphate

'

Complex Sphingolipids
Figure 1 Sphingolipid metabolism
Fig. 1, Spiegel S, Kolesnick R (2002) Leukemia. 16: 1596-1602.
Cer, ceramide; DH-Cer, dihydroceramide; DH-SPH, dihydrosphingosine or
sphinganine; Ethanolamine-P, phosphoethanolamine; SMase, sphingomyelinase; SM,
sphingomyelin; S1P, sphingosine-1-phosphate; SPHK, sphingosine kinase; SPT, serine

palmitoyltransferase.
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Figure 2 S1P signaling through G protein-coupled receptors

Fig.2, Anliker B, Chun J (2004) J. Biol. Chem. 279: 20555-20558.

Coupling of LPA and S1P receptors with different classes of G proteins, activation or
inhibition of downstream second messenger molecules, and the most prominent resultant
cellular effects are illustrated. PI3K, phosphoinositol 3-kinase; DAG, diacylglycerol; IP3,
inositol 1,4,5-trisphosphate; MAPK, mitogen-activated protein kinase; PKC, protein

kinase C; Rock, Rho-associated kinase; SRF, serum response factor.
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Figure 6 ONO-4641 decreases peripheral blood lymphocytes in NOD mice

Fig. 5a, Komiya T, et al. (2013) Clin. Exp. Immunol. 171: 54-62.

Effect of ONO-4641 (0.01, 0.03 or 0.1 mg/kg) on number of peripheral blood
lymphocytes in normal non-obese diabetic (NOD) mice 24 hours after a single oral
administration. Data are represented as mean =+ standard error (s.e.) (n = 5). The P-values
were determined by Dunnett’s test; ##P < 0-01, ###P < 0-001.
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Figure 7 Preventive effects of ONO-4641 on incidence of diabetes

Non-diabetic non-obese diabetic mice were treated with 0.5% methyl cellulose (Control),
ONO-4641, or FTY720 once a day for 24 weeks from a grouping date (19 weeks of age)
to 43 weeks of age. ONO-4641 (0.01, 0.03 and 0.1 mg/kg), FTY720 (1 mg/kg) or 0.5%
methyl cellulose was orally administered once daily from the grouping date. The abscissa
indicates the number of weeks after the initiation of administration, and incidence of
diabetes curves for the rate of mice with onset of diabetes mellitus (onset was defined as
the timepoint when the plasma glucose level was >200 mg/dl at two timepoints) were
generated by the Kaplan-Meier method. Control (o) (n=10), ONO-4641 0.01 mg/kg (e)
(n=9), 0.03 mg/kg (A) (n=10), 0.1 mg/kg (A) (n=10), and FTY720 1 mg/kg (+) (n=9).
The curves for the Control group and the treatment groups were compared by the log-
rank test, with a P-value of less than 5% indicating significance. *P < 0.05.
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Figure 8 Time course of individual plasma glucose levels in ONO-4641 treated mice
Non-obese diabetic mice without onset of diabetes mellitus were treated with 0.5%
methyl cellulose (Control), ONO-4641, or FTY720 once a day for 24 weeks from a
grouping date (19 weeks of age) to 43 weeks of age. The abscissa indicates the number
of weeks after the initiation of administration and the ordinate shows the plasma glucose
concentration (mg/dl) for each animal (7: dead).
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Figure 9 Therapeutic effects of ONO-4641 on the rate of diabetes mellitus
Non-obese diabetic mice with diabetes mellitus were orally administered 0.5% methyl
cellulose (Control), ONO-4641 or FTY720 once daily for 12 weeks. The abscissa shows
the number of weeks after the initiation of the administration and the ordinate shows the
rate of diabetes mellitus (percentage of individuals with a plasma glucose level >200
mg/dl). Control (o) (n=9), ONO-4641 0.01 mg/kg (®) (n=8), 0.03 mg/kg (A) (n=8), 0.1
mg/kg (m) (n=8), and FTY720 3 mg/kg (+) (n=9). The rate of diabetes mellitus at 12
weeks after administration was compared between the Control group and each treatment
group by Fisher’s exact test, with a P-value of less than 5% indicating significance. *P <
0.05, **P <0.01, ***P < 0.001.
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Figure 10 Time course of individual plasma glucose levels in ONO-4641 treated mice
Non-obese diabetic mice with diabetes mellitus were orally administered 0.5% methyl
cellulose (Control), ONO-4641 or FTY720 once daily for 12 weeks. The abscissa shows

the number of weeks after the initiation of administration and the ordinate shows the

plasma glucose level (mg/dl) of each animal (§: dead).
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Figure 11 Insulin-positive areas in ONO-4641 treated mice

Non-obese diabetic mice with diabetes mellitus (defined as plasma glucose
concentrations >200 mg/dl at two timepoints) were assigned to the study groups and
Immediately after onset group, respectively. We randomly assigned the mice without
diabetes mellitus to the Immediately after onset group and the No onset group. In another
group, non-obese diabetic mice with diabetes mellitus were orally administered 0.5%
methyl cellulose (Control), ONO-4641 or FTY720 once daily for 12 weeks. Mice
pancreases were removed from the No onset group and Immediately after onset group on
the day of grouping, and the day after the last dose for the other groups. The insulin-
positive area (mm?) of each specimen was calculated by imaging analysis and expressed
as the mean = standard error. Dunnett’s test was used to compare the insulin-positive area
between the Control and ONO-4641 groups. Comparisons of the insulin-positive areas
between the Control group and the FTY 720 group, the No onset group, the Immediately
after onset group, and between the No onset group and the Immediately after onset group
were performed by the Student’s z-test. Significant differences were observed between
the No onset group and the Control group, and there were no significant differences
between the other groups (#P < 0.05 vs No onset group).
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Figure 12 Protective effect of ONO-4641 on insulin secretion

Non-obese diabetic mice with diabetes mellitus orally received 0.5% methyl cellulose
(Control), ONO-4641 or FTY720 once daily for 12 weeks (Assessment of therapeutic
effects). The ordinate shows residual insulin secretion ability, which is a ratio of plasma
insulin concentrations at 12 weeks after administration to that on the day of grouping. The
residual insulin secretion ability is expressed as the mean = standard error. Dunnett’s test
was performed for the comparison between the Control and ONO-4641 groups. Student’s
t-test was performed for the comparisons between the Control and FTY720 groups. There

were no significant differences.
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Figure 13 Relationship between plasma glucose level and plasma insulin level
Non-obese diabetic mice with diabetes mellitus orally received 0.5% methyl cellulose
(Control), ONO-4641 or FTY720 once daily for 12 weeks (Assessment of therapeutic
effects). Control (0), ONO-4641 0.01 mg/kg (e), 0.03 mg/kg (A), 0.1 mg/kg (m), and
FTY720 3 mg/kg (-). The abscissa shows the plasma insulin level (ng/ml), and the
ordinate shows the plasma glucose level (mg/dl) of each mouse at 12 weeks after
administration. For the measurement of insulin concentrations, lower limit of

quantitation was 0.156 ng/ml.
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Figure 14 Staining images of islets

Pancreases from the No onset group, Immediately after onset group, Control group,
ONO-4641 groups, and FTY720 group were removed and various histopathological
specimens with CD3 immunostaining, insulin immunostaining or hematoxylin and eosin
[HE] staining were prepared. An image of staining around the pancreatic islet is shown
for each group.
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Figure 15 Illustration of the proposed mechanistic pathway of ONO-4641 in TIDM
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Figure 16 ONO-4641 decreases peripheral blood lymphocytes

Effect of ONO-4641 (0.01, 0.03, 0.1 or 0.3 mg/kg) on the number of peripheral blood
lymphocytes in CBF1 mice 24 h after the oral administration of a single dose. Data are
represented as mean + standard deviation (S.D.), n=6 per each group. The p-values were
determined by Dunnett test; ## p<0.01, ### p< 0.001 vs 0.5%MC.
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Figure 17 ONO-4641 treatment alleviates the induction of BM failure in mice.
CBF1 mice were subjected to 4 Gy total body irradiation (TBI), and 5 x 10° LN cells from
B6 mice were administered via caudal vein injection to induce aplastic anemia model. On
day 14 after disease induction, peripheral blood cell count was determined by the
hematology analyzer.

(A) Schema of the ONO-4641 and/or cyclosporine treatment experiments.
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Figure 17 Continued

(B) CBF1 mice were treated daily with ONO-4641 (0.03, 0.1 or 0.3 mg/kg) or 0.5%MC
(vehicle) by oral gavage from day 1 after disease induction. On day 14 after disease
induction, peripheral blood cells were determined by a hematology analyzer. Indicated
values are presented as mean + S.D., n=8 per each group except for vehicle, n=7. Dunnett
test was performed for comparison between the vehicle and the ONO-4641 0.03, 0.1, 0.3
mg/kg groups, with a p-value of less than 5%. #, p<0.05. ##, p<0.01, ###, p<0.001. A t-
test was performed for comparison between the vehicle and the TBI only with a p-value
of less than 5%. *** p<0.001.
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Figure 17 Continued

(C) CBF1 mice were treated daily with ONO-4641 0.3 mg/kg or 0.5%MC (vehicle) by
oral gavage from day 4 after disease induction. Indicated values are presented as mean +
S.D., n=8 per each group except for vehicle, n=10. A t-test was performed for comparison
between the vehicle and the TBI only, the ONO-4641 0.3 mg/kg groups, with a p-value
of less than 5%. ***, p<0.001.
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Figure 17 Continued

(D) Cyclosporine treatment alleviates the induction of BM failure in mice. CBF1 mice
were subjected to 4 Gy TBI, and 5 x 10° LN cells harvested from B6 mice were injected
into pre-irradiated CBF1 mice to induce aplastic anemia model. CBF1 mice were treated
twice a day with cyclosporine with a dose of 6, 30 mg/kg or 0.5%MC (vehicle) by oral
gavage from day 1 after disease induction. On day 14, peripheral blood cell count was
determined. Indicated values are presented as mean + S.D., n=8 per each group except
for vehicle, n=7, Dunnett test was performed for comparison between the TBI plus LN
cell with vehicle and the TBI plus LN cell with cyclosporine groups, with a p-value of
less than 5%. ###, p<0.001. A t-test was performed for comparison between the TBI only
with vehicle and the TBI plus LN cell with vehicle groups, with a p-value of less than 5%.
ek p<0.001.
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Figure 17 Continued
(E) In the two-drug combination experiment, CBF1 mice were treated with either ONO-
4641 0.1 mg/kg, cyclosporine 15 mg/kg (Cys), 0.5%MC (vehicle) alone, or ONO-4641
0.1 mg/kg plus cyclosporine 15 mg/kg from day 1 after disease induction. Indicated

values are presented as mean + S.D., n=8 per each group except for vehicle, n=7. A t-test
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was performed for comparison between the vehicle and the TBI only, the ONO-4641 0.1,
0.3 mg/kg, the cyclosporine 15 mg/kg, or the ONO-4641 0.1 mg/kg plus cyclosporine 15
mg/kg groups, with a p-value of less than 5%. *, p<0.05. **, p<0.01. *** p<0.001. A t-
test was performed for comparison between the ONO-4641 0.1 mg/kg plus cyclosporine
15 mg/kg and the ONO-4641 0.1 mg/kg, or the cyclosporine 15 mg/kg groups, with a p-
value of less than 5%. +, p<0.05.
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Figure 18 ONO-4641 treatment reduces the destruction of BM cells by inhibiting the
infiltration of donor-derived T lymphocytes to BM

(A) The counts of total cells in the BM of mice that received TBI only, TBI plus LN cell
infusion, or were untreated (normal mice) at the indicated days after disease induction.
Indicated values are presented as mean + S.D., n=5 or 6 per each group. A t-test was
performed for comparison between the TBI only and the TBI plus LN cell infusion, with
a p-value of less than 5%. *, p<0.05, **, p<0.01, ***, p<0.001
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Figure 18 Continued

(B) Representative hematoxylin and eosin stained femur section (original magnification
x10) in the treatment groups of TBI only with 0.5%MC (vehicle), TBI plus LN cell
infusion with vehicle, and TBI plus LN cell infusion with ONO-4641 0.3 mg/kg.

61



©

500 1 xR i Hitth
: i

— 400
1
=
g
= 300
b
o
-
X
@ 200
©
Q
= 100
m

0

0.5%MC 0.5%mMc 003 0.1 0.3
ONO-4641 Ma/kg
TBI TBI + LN cell

Figure 18 Continued

(C) Total cell counts in the BM of mice on day 14. Mice were treated daily with ONO-
4641 at 0.03, 0.1, 0.3 mg/kg, or vehicle by oral gavage starting from day 1 after disease
induction. Indicated values are presented as mean + S.D., n=8 per each group except for
vehicle, n=7. Dunnett test was performed for comparison between the vehicle and the
ONO-4641 groups, with a p-value of less than 5%. ###, p<0.001. A ¢-test was performed
for comparison between the TBI only and the TBI plus LN cell infusion with vehicle,
with a p-value of less than 5%. ***, p<0.001
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Figure 18 Continued

(D) Representative flow cytometric analysis of IFN-y or IL-17A expressions in donor-
derived CD4" and CD8" T lymphocytes in the vehicle or ONO-4641 0.3 mg/kg-treated
groups on day 14.
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Figure 18 Continued

(E) Absolute numbers of donor-derived CD4" and CD8" T lymphocyte subsets in the
vehicle or ONO-4641 0.3 mg/kg-treated groups on day 14. Indicated values are presented
as mean + S.D., n=6 for the vehicle and n=5 for ONO-4641 0.3 mg/kg-treated group. A
t-test was performed for comparison between the TBI plus LN cell infusion with vehicle
and the ONO-4641 0.3 mg/kg groups, with a p-value of less than 5%. *, p<0.05
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Figure 19 ONQO-4641 treatment increases the number of HSPCs in the BM of model

mice

Mice received TBI only with vehicle, TBI plus LN cell infusion with 0.5%MC (vehicle),
or TBI plus LN cell infusion with ONO-4641 0.3 mg/kg treatment. Mice were treated
daily with ONO-4641 0.3 mg/kg or vehicle for 13 days starting from day 1 after disease

induction. On day 14, mouse femurs were collected for HSPC analysis.

(A) Representative FACS dot plots of HSPCs. Data represent the expressions of Sca-1

and c-Kit on Lin BM cells (top panels) and the expressions of CD34 on Lin Scal™ ¢-Kit"
BM cells (bottom panels) of TBI only with vehicle, TBI plus LN cell infusion with vehicle,
and TBI plus LN cell infusion with ONO-4641 0.3 mg/kg treatment groups in the femur.
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Figure 19 Continued

(B) The numbers of HSPCs of TBI only with vehicle, TBI plus LN cell infusion with
vehicle, and TBI plus LN cell infusion with ONO-4641 0.3 mg/kg treatment groups in
the femur. A #-test was performed for comparison between the TBI plus LN cell infusion
with vehicle and the TBI only with vehicle, or the TBI plus LN cell infusion with ONO-
4641 0.3 mg/kg groups, with a p-value of less than 5%. **, p<0.01. *** p<0.001. A #-test
was performed for comparison between the TBI only and the TBI plus LN cell infusion
with ONO-4641 0.3 mg/kg groups, with a p-value of less than 5%. ++, p<0.01.
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Figure 19 Continued

(C) The number of CFU-GM progenitors was enumerated in an in vitro colony-forming
assay. Indicated values are presented as mean + S.D., n=8 per each group except for
vehicle, n=10. A t-test was performed for comparison between the TBI plus LN cell
infusion with vehicle and the TBI only with vehicle, or the TBI plus LN cell infusion with
ONO-4641 0.3 mg/kg groups, with a p-value of less than 5%. ***, p<0.001.
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Figure 20 ONO-4641 regulates plerixafor-induced mobilization of HSPC in mice
Mice were administered orally with 0.5%MC (vehicle), ONO-4641 0.3 mg/kg, or injected
subcutaneously with PBS, plerixafor 3 mg/kg, or ONO-4641 plus plerixafor (oral
administration of ONO-4641 30 min before subcutaneous injection of plerixafor) for 8
days. After 3 h following the last dosing, femurs were collected for BM and HSPC cell
analysis. Blood was also collected for HSPC cell analysis.

(A) The numbers of Lin" Scal® ¢-Kit" HSPC and BM cells in the femur. Indicated values
are presented as mean + S.D., n=5 per each group. A ¢-test was performed for comparison
between the vehicle and the ONO-4641 0.3 mg/kg, the plerixafor 3 mg/kg, or the ONO-
4641 plus plerixafor groups, with a p-value of less than 5%. **, p<0.01. ***, p<0.001. A
t-test was performed for comparison between the ONO-4641 plus plerixafor and the
ONO-4641 0.3 mg/kg, or the plerixafor 3 mg/kg groups, with a p-value of less than 5%.
+, p<0.05.
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Figure 20 Continued

(B) The number of Lin~ Scal® ¢-Kit" HSPC cells in the blood. Indicated values are
presented as mean + S.D., n=5 per each group. A #-test was performed for comparison
between the vehicle and the ONO-4641 0.3 mg/kg, the plerixafor 3 mg/kg, or the ONO-
4641 plus plerixafor groups, with a p-value of less than 5%. **, p<0.01. ***, p<0.001. A
t-test was performed for comparison between the ONO-4641 plus plerixafor and the
ONO-4641 0.3 mg/kg, or the plerixafor 3 mg/kg groups, with a p-value of less than 5%.
+++, p<0.001.
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(A) Pathology in aplastic anemia model

6

[*}]

y JI\

(B) Treatment with ONO-4641

v

M S1PR1 > Tlymphocytes o Hematopoietic stem cells

=

Figure 21 Scheme of the proposed mechanistic pathway of ONO-4641 in
aplastic anemia model

(A) In the aplastic anemia model, T lymphocytes infiltrate into the BM, where
they target and destruct hematopoietic stem cells. (B) ONO-4641 inhibits the
infiltration of T lymphocytes into BM and the destruction of hematopoietic stem
cells by preventing the egress of T lymphocytes from secondary lymphoid tissues.

ONO-4641 also accumulates hematopoietic stem cells in the BM.
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