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RIECHIZ B G- DM AIND S & | MR O R RNEE TG M LA A AR Y /83—
£ Az (PLA2) 2MEMH L CTHix ORBIFEIEEASND, 2D 1 DTHLHT 7F NI

IR A2, Tuexx 75000 (PG) tuAfa b=y (LT) ITRESND
Bz 7B BIEMEREE (A 2/ A B) ICEMEND, ZhBDTZA a3/ A Rk, Moyt -
HAE, MEFRET, RIE. R, MIRREEREOFE e & AIRN TR A R AEBNEMEZ R 2 L35
NCnp1 ofat /)4 ROHIH TaAy )4 RO1ETHLTn A% 7TV D2(PGD2)
X, 7% FUBBY 7 ndx AP —RI2 k> T PGH ICE# S, & 5|2 PGD A kfzE D
ERIC Ko TSN D ¢, PGD S AEERICIE, EITWICAFET 2 U ARA Y . (L-PGDS) &
K ORIEMILIZAFAET 2 MR (H-PGDS) @ 2 FENHE ST 9, IR AEAE
% PGD AR ILE MR TH Y | ~ A MEFILISMZ—E 0> Th2 Hifd & bk 7 72 8o
T LAF—IZEET SR EBLN R B D,

PGD2 X FITTEMEAL S AV AL D FE IR AT 4 ==X —D 1 DL LTREIZHWSND
W8 Zoftl, BRRMR, v/ w77y —v ) 4FEEER. Th2 Mk LW bEESILD

915 F7- T LARMELE KEXMWEE, T LA MEREAR LOT FE— R E RO BRE

)

T VAT o EAMT D&, AREREIC, 2R, SRR, KUE SMIEYEEiE ., Rk
KORF U F ¢ /A= PIZ PGDe BOBMNBEE SN D 1619, 51T, <5 PGD2 i,
IR I 31 D I FEib 7O FEECRUE ~ D AFRRERIRIE . KUBERAER & e I RIERUG
AFETHIERAMLNTEY, TUAXRRAORERRICMET 2 2 ERNRRIh TIN5
20-25)

PGDs (% 2 FEE D72 > ToERENZ BIRTH L 7 m A FZ /A R DP 45K L chemoattractant
receptor homologous molecule expressed on Th2 cells (CRTH2) (Zf5&T 2 2 L MG ShT
W5 26, S A& ) A KDPZEETTEEEBY, 0 K72 AT D Gs ¥ o3y RIS
BETHY, ZRBFC L > TT F AL 7 T —EBREM LS, cAMP LU~

1



T uT A % F—8 APKA) BEHE e T2 Z5IE N S 7 F VRS 3 TE I L S 5 2728,
—7Ji. CRTH2 (3 7 [MEESR D Gi & o "7 IR ZRIKTH Y, 7T =gy 7 7 —BOiEE
B2+ 5 Z &2 &> T cAMP O#INZ i 42 & 3 Mial Cazt D NZ#FE 42 2 L
MHATND 29,

INHOZFEIZEE L, PGD2ix CRTH2 241 L., 7 LVF—JRTx U TIRERIC/ER
HIZEDWEINTND 0 OIZxt L, 7rAX ) A R DPZFEEREN LIAEICIE, PiRE &%
EFFOWMEOREN DD, T70bb, FIREEMLE LT, PGD2 X7 R A% /A R DP %k
AT U CAFER, APERRER, BRRMER, T S N Ziild, Thl Ml L0 F 27 0% 7 —
Ml OMREZPLET 2 Z LM S TG 8187, BFERET L~ U RTRIRT o A% /A K
DP A RAEEIE 2 WA S 2 &l OBRIHIaISkE L TR O 23 X | regulatory T cell 23535
STl BREDIEIR IR S5 389, X512, @R T 0 24 /A R DP ZRREENEK LT e
—MEERET N~ T ADR > BEATEN A FETH 30, —J5, Fm A% /A K DPZREKIE~
U AT, PURSBRKGEREME, U o SEkEs LOMFEEEKR T, B X OKGEICE1T S Th2 1 ~
A VEEENWIIT D Z 0D RZRMITNGEISK U TREMIERT 2 Z EMESshTn5
0 X512, HIEL~OUZRBWTIE, PGDe N7 a AKX /A K DP ZREEREN L CLHEERO AT
ERZFHET 5 & 40 BRI 275 L U CRIBERIC Th2 Mila~0 ka2 i85 2 L 42 )
HMHNTWS, BLED XS, 7rRA% )4 K DP ZEEROT LAX —RIEIZET 5 &EENLI
TiEAew,

S-5751 (Fig. 1A) ¥ X pinagladin (Fig. 1B) [ZHiBFssfisk (k) TR S /=fk nibEa]
fefe a2 % ) A R DP ZRREHHETHY 9, 7 UAF—EKBIZBITH 70 A% /A KDP %
BAEDEE ZRFT T DT OICAM Y — 1 Th D, THETIZ, S-5751 NE/LE v FOFUFFHFE
Bl g JONER M SR EUS . IS 3T 2 HURRE e Fib ki, FURSRERIEL AR
2PN L 49| pinagladin & £7-. FTAE v N OBURFHRE I KRG 2 A EICIET 5 2
HENER>TWND B, ZRHDORRIL, 7o 2% ) A FDPZFERRT LILF—KEBIZBWT

RIEMEEMITERH T Z £ 2R LTV 5D,



AWFETIE, Flx DFFERT LV —T T /UIZEIT 5 S-5751 1 L U pinagladin D50y 3K 2
BITERICOWCE LR bMata1T ) L 4hlc, 7 u A% /4 K DP R EIEHEROT LV X —HK#

\ZH 1T 2 RIEMHI A T =X LD THER LTz,

S-5751 pinagladin

Fig.1 Chemical structures of S-5751 and pinagladin



F1E TurAX A RDPZFEFEGE S-5751 15 L O pinagladin OS2 FMAEIRMEICEI T 58

wf

=
é@
ufl

S-5751 # X 0" pinagladin /3, MR () TRAIRS WA Tm A ¥ 7 A R DPZH
KEEHITH D, TNETICFrRZ /A N TP 24K (thromboxane(TX)As Z#K) ., 71 =
) A RIPZEE (TaRE 7T 000 AR BT v x2 ) A4 FEP2ZEEK (R
27TV B ZBREP2 V7 4 A7) \THT DEMZMET L, Wik &% 7 v 2% 7 A4 K DP
ZRERICH L TEWVBREZ T 52 L 2ME LTS 849, L LAanb, S5751 BLO
pinagladin D70 A% /) 4 RFPZFEER (T AL 7TV Feoa%FIK) . 7 r A4 /) 4 KEPL,
EP3 BX O EP4 Z /K (FaAX 7T 0Ty B2k EP1, EP3 BXWNEP4 741 7)),
CRTH2 (ZxIT D BTEEIIRET SN TRV, TR AZ ) A NliX, TRENDORIET 57 1 A
Z A RZFERCERbSWVERELZ R T OO0, ZOZXEERT 7 IV —IZgT 2o 7Taxz )
A FZHEERIZH L TORERSEEZ RT Z ENFESN TS ¥, ZOH, 7rAZ ) A K
DP ZAEKHIH TH S S-5751 33 L pinagladin &, > 712 2% /) A NZEEITHTHHEA
EMEE R TSR D D, AETIE, ixDb F7 0 RY ) A RZEFRLERBELE T,
S-5751 B L W pinagladin O 7'm 2% ) A RZFERIZKT DBRMEICOWTRET 1T o 72, [FRF

IZ, B9 =20 PGDeZ AR TH %D CRTH2 (23T D ATEMEIC DWW T b 21T o 72,



2. EBAEHS LUT5k

2.1 HWp LOREE
(Z)-7-[(1R,2R,38,58)-2-(5-hydroxybenzothiophen-3-ylcarbonylamide)-10-norpinan-3-yl]
hept-5-enoic acid ( S-5751 . Fig. 1A ) . (Z2)-7-[(1R,2R,38,59)-2-(benzothiophen-3-
ylcarbonylamide)-10-norpinan-3-yllhept-5-enoic acid (pinagladin. Fig. 1B) 3 X O)[3H](+)-S-145
(Fr 22 A 8 TP ZAEEEEHE) 13, HERUE ) BV TERLIZbD A LT,
PGD:. PGE2, PGFz0a. 3-isobutyl-1-methylxanthine (IBMX) 3 X O triton X /% Sigma Aldrich
(St. Louis, MO, USA) & ¥ i A L 7=, [3H]-PGDs2. [3H]-PGF20.35 & O*[BH]-PGE2 1%, Perkin Elmer
Life and Analytical Science Inc. (Waltham, MA, USA) L0 AL7-, X512, [3H]-iloprost
(Fmx% )4 KIPZEEEHH, GE Healthcare UK Limited, UK). carbacyclin (7' & %
/A4 N IP A AE1EEZE, Biomol International LP, Plymouth, PA, USA). G418 fiilgti (%
A=A v mtE R IR EEE . Nacalai Tesque. Kyoto. Japan). Fluo-3/AM (d#36A 4> A >
7 4 /r—%—_ Dojindo Laboratories, Kumamoto, Japan) 3 X O Pluronic F-127 (#3361 A4
VAT 4 — 2 —DORNE Y AL BIEREE . AnaSpec Inc.. San Jose, CA. USA) #Zth %

AUl A LT L7,

2.2 FHiv NTuAY A RHRZERBIROBNL

t h7a 2% /4 K EP1, EP2, EP3, EP4 5 X1 FP &K cDNA Z A L= #5158l
~ 7 #— (pcDNA3.1+, the UMR cDNA Resource Center. Rolla, MO, USA) |%. HEK293
Mz, B h7'm 2% 7 A K DP Z%K cDNA #4 A L1285 758~ 7 ¥ — (pcDNA3.1+) 1%
Jurkat fifdicZznE N7 A7 =7 LTz, £z, & s CRTH2 DB FHEARY ¥ —|E K562
HIFIZ N T A7 27 F LT, SREZERBMKOERIL, G418 gt (0.5 mg/ml) OIFFET,

FRAAIUEIS THT o 7,



2.3 AT T 4 THEM
TORRIMED 1/10 D 3.8% 7 =T NV U LAEZRMLIZV U VT, 5 4DRT T 47

MOTRMZAT ST, TNTOERRIT, HEE RIS MEE B 2 OBUEICHER LT3 L7,

2.4 /RO B

TOLRMED 1/10 D 3.8% 7 T NV U AZIRIM LIS U 2Tl A BERIL L, 180
xg., 10 =R TiE L L, EEO platelet rich plasma JE % EE L7-, % 517- platelet rich
plasma % wash buffer (100 mM NaCl,5 mM KCI, 2 mM CaClz, 1 mM MgClz, 30 mM trisodium
citrate dehydrate, 9.9% glucose, 5.5% bovine serum albumin) T 3 [EIFEF L7-t%. M/ MREK
IravNh o —TCit L, BN 5x108{E/ml (2725 X 9 7% L. washed platelet &

LML,

2.5 MR 53 0O FE

PRP % 2,300 rpm T 22 4350 L CEUL L7z ifi/MEs £ OV PBS T Sz K7 1 2 &
) A RZRIEZERBMEZ, KB LIzA 7 L)y 77— (2 mM ethylenediaminetetraacetic
acid (EDTA). 0.25 M sucrose, 0.5 mM p-amidinophenyl methansulfonyl fluoride (p-APMSF)
$ L VY 1/200 aprotinin & A9 % 20 mM Tris-HCL ¥, pH7.4) (23S, ki B, @8E0
TR L TR A2 e L 7=, 3,000 rpm, 10 43fH], 4 CCiELL7ct, RIEZEINL, &5
40,000 rpm, 60 73f#], 4 CTHELEZIT oI, EBME A T Ly 77 —THERE L721,

Downs HREIFA P —THRSEZE—L L., o7 EEER, BEICHEL CTHEHA L,

2.6 bt MV/IMRBIOKHEE Mm% ) A FZERLERBTKAZ ATz cAMP L5 FHE 5E5R

Pinagladin ®7'© 2% 7 K DP, IP, EP2, EP3 3 & O EP4 ZAMIZk4 5 4 tt 2 3
ND2HIZ, cAMP ERILFIBR AT o7, §725 5, washed platelet Z/HNTTm 2% /A K
DP 3 X OV IP Z MBIk 3 2 FEHUEME & TRl U R R L ERBMEZ VT m 2% / A R EP2,

6



EP3 ¥ L O EP4 Z BRIk 245 PuE 2 Wil L7z, MfI3mE#, 0.5 mM @ IBMX Z /1%,
5 5312 ZF 2 OPRFE D pinagladin Z¥IIL T 10 734 > F =2_X—T 3 > L7z, £D%, 100 nM
@ PGDz (washed platelet) . carbacyclin (washed platelet) & 2% \\MI PGE: (£ A% /
A RZBRRLERBIE) T2l L7z, /v FaX—T g UETH, EHIZ 1NHClI TG
i1k U, 1.2% D Triton X THINE 2R L7z, B2 L, EET O cAMP £ % cAMP femto
2 (Cisbio International, Codolet, France) MWW THIE L7z, FFET 0 2% ) A FIZxtd 545
PUEMEIX, pinagladin (2 X% cAMP OFRFE##R L Y EH L7 50% cAMP @ EFAERE (1ICso

) L TRLT,

2.7 HHe TR A FRFERZEFEBRZ T Cazhifit N F28k
S-5751 % & ' pinagladin @ CRTH2 |27 5 45F11EME & pinagladin ® 72 2 % 7 4 K EP1,
FP ARk 25UEHE 2R 5 72012, Ca2ii ALEREBRZ 1T o7, bbb, £ M7
0 AKX ) A RZRRLERBEE 4 uM Fluo-3 / AM (Dojindo Laboratories) . 4% Pluronic F-127
( AnaSpec Inc. ) ¥ X ' 1% bovine serum albumin ( BSA ) & 20 mM
4-(2-hydroxyethyl)-1-piperazine- ethanesulfonic acid (HEPES) ¥ JU'1 mM probenecid %
EH L7z Hanks' AR & 1RA L TIERL L 7= Ca2t loading buffer T L, =IEC 30 oA > F =
N— K L7z, VT, BB TR A RIRED S-5751 H 53 pinagladin Zfifgiciiwm L. 5 45
A v F 2~— b L7z, 100 nM @ PGD2, 3nM @ PGEz & %\ (% 100 nM @ PGFz0 THI L 7=
BRCHH &S5 480 nm DHELPER 2N AV—T v hEA A= % — (FDSS3000.
Hamamatsu Photonics K. K., Hamamatsu, Japan) # W CHIE L7z, K22 ¥ /A NiC

R4 B PRI, pinagladin (2 X % Caz it AORHER#R L 0 BHH L7z ICsofE L L TRLT,

2.8 b M/MRBIOSREE N7 a XY A FRZAERZIERIR OISR 7 2 AV 722 8408

il BHL 7 2R



AREE 2.4 TR UL THE L 7o MIaiEEmE 7y 2 50 mM Tris-HCI buffer (pH7.4, 10 mM
MgCl: &4) HC, fix DWRED S-5751 & 5T pinagladin OFFE(E F & 5 WITIEGFE T, b
UF 0 LE# LIS T 1 22 ) A FZAFEHE Y > K (Table 1 3 X T Table 2 (2" 4) &
IR T 60 /3[4 v F 2 _X— b L7, A ¥ aX— METH R E H 7 AMERRR (GF/C,
Whatman, Maidstone, UK) % M\ Clit U, BEIGE2, IEHUIIER - 7o BOEE 2 ik ik s v
FL—3 g5 7% — (PerkinElmer Life Science, Norwalk, CT, USA) % HV\THlE L7-,
FERFRAFER 2R~ 2 BT, MEIE (10uM) OIFFEFREOFE T CRERICA ¥ 2 X— M &21T
ST, KRR EIL, BEMERNOIFREIMEEGELZELIIC 2L Lo TRD, S-5751 B &

W\ pinagladin OEEE# (Kifi) 1% Cheng-Prusoff Ok v HH L7,



3. EBRAkis

3.1 SHT51 OFFET B AL ) A RZFMWITH 28R %

S-5751 ([CKHHax DT AL ) A RZEE~ORRIY) T FRORGEEEZ, © F7'm
AR ) A RZFELERBEZ WV THET L7z, Table 1127779 X 512, S-5751 i, [3H]-PGDq
DT AL ) A R DPZER~OFESITR L THRAZREEENZ R L, 20 KifiiX 2.4nM Th
o7, ¥7-. $-5751 1%, Fm A% /A F TP, FP, EP1, EP2, EP3 3 L O EP4 2 &{KIZHf L,
FEETEMEZA L, 209 b bROVERTEEZ R LIZDIE, e A% ) A4 REPAZFIETH T,
ZOKiEIZ90nM TH Y, Fm A ¥ /A R DPZEERICKHT DA & T 5 &0 1/40 L 530
LD TH o7z, CRTH2 ([Z2WTIEE BITHIBIN AL 2 T A K DHERERIZ2 A 2 Rt L7278,
S-5751 1% 10 WM OFEIREICB VT, PGDHIliIC &L 5 CRTH2 %4 L7 Ml E N Ca2tit A

S 2 i L7 o 7o (il =R 50%A) o

Table 1 Receptor selectivity of S-5751 in prostanoid receptors

Prostanoid

receptor Ligand Species Preparation Assay Ki (nM)
DP [FHIPGD, human transfectant binding 2.4
CRTH2 [3H]PGD, human transfectant binding >5,000
TP [FHI(+)-S-145 human transfectant binding 320
1P [3H]-iloprost human transfectant binding >6,800
FP [3H]- PGF,, human transfectant binding 4,700
EP1 [*HI- PGE, human transfectant binding 9,300
EP2 [*HI- PGE, human transfectant binding 170
EP3 [3H]- PGE, human transfectant binding 2,600
EP4 [FH]- PGE, human transfectant binding 90

Functional antagonism IC5o(nM)
© CRTH2  PGD, human  transfectant Ca®  >10000




3.2 Pinagladin OD&F T 0 AKX ) A RRICRHT 58 RME

Pinagladin (2 X 24 DT 0 A Y ) A RZERA~ORERI Y 7 FOFREREGEM A, & MM
IMRB LD N aRAE ) A FRFERLZERBIMKEZ W THRE L7z, Table 2 (237 X 512,
pinagladin i BH]-PGD: ® 7' 1 2% / A R DP ZFE~DFEAITHR L TR RBLEER Z 7R L,
ZOKifllX3.7nM Tholz, 7rAHX /A R TP ZEE~OFEEGIZH LTS Kifi 380 nM &
FEOIEMEA R LT2A, 7 A% 7 A R DP ZF/EA~ORES LI L, £ 1/100 Th o7z, S HIT,
pinagladin (%, #§RER 72 7' 1 2 % ) A R DP K KRICKHT 21EH TH S WP TD cAMP EHIZ%F
LCHm N EEEEZ R L, ICsofElX 5.6 nM Th o7z, £72, PGE2DO v 2% /A R EP3
SR A LTz cAMP EFAERNCX LT ICsofE 2uM E#RED > 7 F A HEER 2R Lz, — 77,
PGD: ® CRTH2 %/ L 7= Ca2*jit A< )i~ carbacyclin ® 7’1 2% ) A K IP % %K% L7 cAMP
ESAEH. PGFeaD 71 2% ) A R FP K% LTz Ca2tifi AR, PGEe DT m 2% /A R
EP1 Z#6% 9 L= Ca2i A&, PGE: D71 2% /) A K EP2 45K %4 L7= cAMP L51E
AHBEOPCGE: DT 1A% ) A N EPAZHEEKEN Lz cAMP ERAERIC L TIE 10 uM o

FEEIZBWTH BRI EIERH 2R & 2o 72 (=R 50% A1) .

Table2 Receptor selectivity of pinagladin in prostanoid receptors

Prostanoid

receptor Ligand Species Preparation Assay Ki (nM)
DP [BHIPGD, human  platelet memblane binding 3.7
TP [BHl(+)-S-145 human  platelet memblane binding 380
Functional antagonism IC5o(nM)
CpP PGD,  human  washed platelet  cAMP 562
CRTH2 PGD, human transfectant Ca* >10000
IP carbacyclin human washed platelet cAMP >10000
FP PGF,, human transfectant Ca? >10000
EP1 PGE, human transfectant Caz >10000
EP2 PGE, human transfectant cAMP >10000
EP3 PGE, human transfectant cAMP 2000
EP4 PGE, human transfectant cAMP >10000

10



AREIZBWT, S5751 Dk hFrA¥ /A R DP ZFEICKT 28FMEIL, thoe h7m X
& ) A RZFARITHR B8N & TR 40~3,000 (5L LR 1T A Z E R B N E o7z,
%72, pinagladin ®t N 71w A% /A K DP ZFRICKT 28 ML, thoe hTexz 2 4 R
AR DBAME & Fe~ TR 100~2,700 (5L ESR I TH L Z E BB LRz, EHIC
S-5751 3 L 1} pinagladin (%, t b washed platelet 2 PGDz il L 7-#0> cAMP FH12% LT
HIRWIIHITER 2R L2 49, 2 H0ERNS . S-5751 B L N pinagladin (X7 0 2% /) A F
DP R L CTEWIEBIREZ G T 57 A% /A4 RDP ZFEETEHETH L Z LB L0 e
7207, LI2-> T, S-5751 8 L W pinagladin X7 LAV X —HEBIZBITH 71 AKX /A K DP
ZREOBE ZRET DDA AR Y — NV EBX BND, FEMRT — 2 IR SRV, mikd
MPRELEY b, 7y hBXOReYTYOTaRAE ) A R DP ZHFRITH LU THIRBRICHEE M2
BTDHZLEMRLTND,

WELETIZ, ELEY b, Ty FBIOEY P2 HWEERERT LLE—EFLICBITS
S-5751 3 & O pinagladin O $aEHELHEMICOW TR Z1TH Ldklc, v 2% /A K DP

ZBARAEHER DT LV F =BG A 1 = X DO T HIRES LTz,
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FENETY NOTFINNAT 4 =—H—FEREBICRITT T o 24 ) A K DP ZREEH

i
[\]
o

i
S
&
i

—
=
]

TUNF—MERZTIS Lok, RRBLOEMAZ - REMETLIT7VILX—KETHY, TD
REFEIAARZIICOHAP THEMO—EZWL-> TS, TORIEHME LS LT, JURMEZ =
F 72 B M A3 WERE S DAk 4 72 chemical mediator 2SMESERAERT DL EZ LA TND
16,4647 {2 72 chemical mediator @ H T, histamine (X = K EMAZ T X THBTE 549 Z L
5. HEZ7: chemical mediator & & x H4L, FEEE. histamine Hi A MEHIHITT LV —ME &
ROF TR E L THS TV D, L L72RA 5, histamine Hi A TIEHKIE Lo AB
FOBIRICR L CEE 2R~ T2, &K L TURIEEAEDREZ RIS 49, ZOZEMD,
EPADFEBUTIT histamine LA4F 0 chemical mediator S EEARKEEZH L TWD EEZ NS,
%512, PGDz2, thromboxane (TXAz) . cysteinyl leukotirienes (CysLTs) . platelet activating factor
(PAF) . kinin 72 E2NEREILE OHLHRIS K OERIEEMILE OFEi Tz <EZ L, &A%
BERTDLEEz 60D 5052, PGD2 IPUFHNLZ S T 727 LV ¥ — B REH O BRI
LB\ E D 59, Fo M AN PGD2 & Rk 532 LV BANTER SN D 22, 51
TUNF—MEREFOBIPEIZBNTTrAY /4 R DP Z&K, BLOL I —>2D PGD2%
BARTH 5 CRTH2 O3V mRNA BELRRD LTS 0, ZHETITHAMN BIX, ELEY b
DT LLX—MRBRETNVEZAFR L, 7'm 2% ) A FDP ZHEKERIFETHE TH S S-5751 31
JRBRFEIC L - THE SN D BERTIO ERZIZTm2ATHHEIT5 2 L 2R LTS 4, S-5751
PSMZERIR Tl =2 L Db D7 m A% 7 A K DP ZHFEERIHEHEECTH 5 MK-0524 bt
k@ PGD2 #%38 MBER AR BHET 2 Z 3@ shTng %, —J, CRTH2 5L U7 1= R

% ) A R TP ZZFRD dual antagonist T 5 ramatroban (Xt kD PGDe i3 & PAE R & 4 < #)
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HlLAanZ EnEEhTnD 56, ZbDRANS, PGD2IZ k- THH S 2 BMGICIE
TraAL A FDPZEERPES LT L ERRESND,

LU D, TUAX—MEagkDRM%E PGD: & 7 A% /) A K DP ZREOHTHAT S
TEIFEELY, IRE TORETIE, FURSAREMET VISR L, Tu A% ) A N TP 25K
HigR 5758 CysLT 24 AH5HIHE 59 35 X U histamine Hy S22 ARFHIEE 58 1XER R TIEH 5 05H
BICRPERIO ERZMET 5 2 RS TR Y . SAKGICIEAE A @ chemical mediator 73
L TWbs B LD,

ARETIE, PURBIEENLE Y FEHV, PGD2 & 5 W o> chemical mediator #%8 0 ST

O LRI 57 v RS ) A FDP ZEEDOE G2 OV TR LT,
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2. FEBMER XU

2.1 Wk LU
T RS ) A R DP ZFEETHKE LT S-5751 #fH L7z, v Ax% /A K TP ZRR(ES)
3 U-46619 (11a,9a-epoxymethano-PGHz) & MEEp B (KR) 1B W TEHRK L=, PGD:
(Funakoshi, Tokyo. Japan). histamine dihydrochloride (histamine, Nacalai Tesque).
ovalbumin (OVA, Sigma Aldrich). pentobarbital sodium (Abbott, Abbott Park, IL. USA)
¥ &L O gallamine triethiodide (Sigma Aldrich) 13 U CTHEH L7z, histamine |ZEH:, PGDe

B LN U-46619 13 ethanol |2 THfE L 7=, saline Tl 472 EICAR L CTHEH L7,

2.2 FEBREW

FERITITIAE 390—670 g DfEME Hartley RE/LVE v b (HAF v —/L 2+ U 3— Yokohama.
Japan) ZfH L7z, BMILER 2313 C, E 30~70%. 12 K] Z & OB A 7 ik %
ANLRBAORE T, B L OKEKEZ B HERESE, 1 EMBU EPHEEE Lok, ERIC

M Lz, 3~ T OB SR 30 By 28 SO B4 F2B00 1R E & B2 OFUE IS HEIL L T30 L 7=,

2.3 FEBRFIE
2.3.1 @O ER KOG ER

BAEPUR & LT OVA Wiz, T72bb, 1% OVAIRIEZ 8BS X7 74 ¥ — (NE-U12,
FLm | Kyoto, Japan) Tx=7 m YLk L, #&EMNTF v A —IZEE L7-E/ALEY M 1HEM
IR 2 [\l 2240 10 3, HERREE T TRASE D 2 LIZ & - TREERIZEIE L 72, ROGHEE
X, flix OREDF I NV AT 4 =—4%— (PGDe, histamine 35 XU U-46619) % B O &
HUVNTIRAEIRE L, 8527 74 P— (TUR-3200, HAEHE. Tokyo, Japan) TxZ7 1Y/
ME L FEEED 2L 2 [ H OFURIEIE T B OE/LE Y b ORENIZ 2 55 &E L TT- 7,
S-5751 1% 0.6%D A F /L)L b — AGHRIIRE L, FOGER O 1 RN A5 LTz,
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2.3.2 SPEEHIORE

Sodium pentobarbital (30 mg/kg, i.p.) FRE: T TE/LE Y FOKEZUIB L. S & i)
WCENZENT = 2— L Z2F LT, Mo h =2— LI N THERZE (SN-480-7, 27 /., Tokyo.
Japan) %k L CRER A #ERF L 7-1%% . gallamine triethiodide (2 mg/kg. i.v.) THIEMK 215

lbS¥7e, BPEMOT = 2 — LAZHIO N T 2 85l L T ED2E5K (1 BHKE 4ml, #5k

0

B 70 Bl/57) ZSPENIZED . ZORKRUCLERZEXE (RIENE) OZ(LZ2MEIC3EE L
hT U AT 2 —H— (TP-400T, HANETE) THRISAEEL 30 MHIHIE L, SlEEHiofE & L,
728, S-5751 5T KD BIEEH I~ ORI ABENEOL B #H o it MR (AUC) Ziftsa

PEHEHT L L. vehicle $¢ G-HEDR SIEEHRHTI 6o 2 il =R 2 B L7z,

vehicle ¢ 5-#F DR ST — S-5751 & G-HE Dt s Pe it

- f I .
S-5751 I £ % Sl O Bl = vehicle ¢ 5B D ¥ S HTHT —saline challenge B D#& B PEHLHT

2.3.3  WEHENT
RIS EE SRR E TR Lz, AREMRER., SHERFRIZIT 72, 2 BEM Iz

Student’s ttest & 5 L Welch’s ttest 2V, LEEMH HLELIZIE Dunnett’s test 2 V7=,
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3. EBrkis

3.1 PGD:2IC k% B8PeRiio L5 &7 n 2% ) A F DP R EEH O /EH

PGDe: A7 1 2% /A K DP Z5KZ I U CEBESIERIIO LF2FHT 2085 ha st
72o Fig. 2A 1TRT L 91, FEEMEELET Y MTEWT 0.3% D PGD: 4B 1T S H i A 13 L A L
EHLpmotz, —J, BIEELE Y MZBOWTIE 0.3%0D PGD: I X - TEPEPUIHE
IZ ESH L7z, PGD2 IZ X 2IEEE/LE Y b EIEESIIT PGD2 OIRIEIZKSFE LT ER Lz (Fig.
2B), & 512, 0.3% PGD:2 £ & 5 BEHIO EFIE, S-5751 O M #5512 L » THEEFW

2. 20 1 mgkg OG- CIRIFIEREEICIG Sz (Fig. 20),

0
A PGD, (0.3%) B Cc PGD, (0.3%)
—0— sens-saline @— Vehicle
—e— sens-PGD; —O— 0.1% PGDz —0— gg;g} ?;‘ S}E;kg
—/—— non-saline 12 4 —&— 0.3%PGD2 ~ 12 ....:.... Saline challenge
129 ----0--- Saline challenge g

—&— non-PGD, s

-
o
|

10~ =

ok

—_ o 0
% T T
= g 8
o © o 84
2 g g o
@ =3 fut
5 = 5 4]
= @ @
w o [o]
: 5 2
g £ £ g e .
= ® *
0 10 20 30 0 10 20 30 0 10 20 30

Time (min) Time (min) Time (min)

Fig. 2 Involvement of PGD2 and prostanoid DP receptor in the induction of increases in
intranasal pressure of guinea pigs actively sensitized by repeated antigen inhalation

Actively sensitized or non-sensitized guinea pigs were exposed to saline, 0.1% or 0.3% PGD:2
for 2 min (A, B and C). S-5751 or vehicle was orally administered 1 h before mediator
exposure (C). Each value represents the mean + S.E.M. of 6-8 guinea pigs. *, p<0.05 and **,
p<0.01 vs. time-matched non-sensitized group (A), saline-challenged group (B) or

vehicle-treated group (C).
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3.2 Histamine B3 L7’ m A% /) A R TP FEFIEIEIC L2 SR ER- &% 7 A4 R
DP A RHEEHHEOIEH

FEAEENLE Y MTHEA DT I DNVAT 4 =— X — % FiE LTZEO BIPEHRILOZE I DV T
Mt a7 o7, Fig. BA B X O BIIRT L 512, HEEELE Y MIxT 5 0.1%D histamine &
5N U-46619 OR&F ITH BICEERILAZ EA Lz, 20 0.1%? histamine 3 X1V U-46619 |2
X 2 BRI FHIT 10 mgkg @ S-5751 I k> TaLIMf & h-7= (Fig. 3C B L D),
OFN, BAEENLE Y MIHEA DT I DNVAT  =—F — % 5% LT BRO SRS OZbIZ o0
Tt 21T o 7, IEEIET /LT » B2 0.01%D histamine & 5 WM U-46619 # 2 L CHIEE A
ERPERIIO A 2R & ooz (Fig. BAB X OB) 23, BHEELEY MIZNOHDRED AT
{ T — % BT D AR RRBIERIIO LA ARD S, £ OREIIIEEIEELE > M2 0.1%
@ histamine & 2% \X U-46619 % &5 L 7-BEO BRI L I ZERRE TH -7 (Fig. 4A B IO
B)., £7.Fig. 4ACEB L UDIZRT L DI JFEE/LE » FT0.01%D histamine & 2\ % U-46619
% skilE LTZBR 0 BIPEHLO BR1T. S-5751 ORMLEIZ & - THEKMFR S EICIH S,
S-5751 10 mg/kg D& 512 X A =% histamine 7% % &FPEHHT O _EF12%F L Ti% 87%.U-46619

FHIBRRPUICH LT T1% Th - 7=,
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A B

—0— 0.01% Histamine —O0— 0.01% U-46619
—e— 0.1% Histamine —8— 0.1% U-46619
...0-.. Saline challenge -0 Saline challenge

R
i

#a

#a #a #a

#

—_—
T

Intranasal pressure (cm Hz0)
Intranasal pressure (cm Hz0)
—

o

5 —
0 10 20 30 0 10 20 30
Time (min) Time (min)
C Histamine (0.1%) D U-46619 (0.1%)
—@— Vehicle —@— Vehicle
—O— S-5751 10 mg/kg —O— S-5751 10 mg/kg

- - &+ - - Saline challenge - - I+ - - Saline challenge

]
T

—_—
T

10

Intranasal pressure (cm H,0)

Intranasal pressure (cm H,0)

0 10 20 30 0 10 20 30
Time (min) Time (min)

Fig. 3 Involvement of prostanoid DP receptor in increases in intranasal pressure by
histamine (A and C) or U-466619 (B and D) in non-sensitized guinea pigs

Non-sensitized guinea pigs were exposed to saline, histamine or U-46619 for 2 min, and
intranasal pressure was measured. S-5751 or vehicle was orally administered 1 h before
mediator exposure. Each value represents the mean + S.E.M. of 6-8 guinea pigs. *, p<0.05 and

#* p<0.01 vs. time-matched saline-challenged group (A and B).
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A Histamine (0.01%) B U-46619 (0.01%)

—0O— sens-saline —0— sens-saline
—@®— sens-Histamine —e— sens-U46619
—2— non-saline —A— non-saline
12— —&— non-Histamine 20 —a&— non-U46619
ok e Aok #ok
154
dok
10

ok

4)]
]

Intranasal pressure (cm H,0)
Intranasal pressure (cm H,0)

0 10 20 30 0 10 20 30
Time (min) Time (min)

C Histamine (0.01%) D U-46619 (0.01%)

—@— Vehicle —@— Vehicle
—0O— S-5751 1 mg/kg —0O— S-5751 1 mg/kg
—aA— S-5751 10 mg/kg —aA— S-5751 10 mg/kg
--0---- Saline challenge ----0O---- Saline challenge
25— 25—
20 20

15 15

10 10

Intranasal pressure (cm H,0)
Intranasal pressure (cm H,0)

o R

0 10 20 30 0 10 20 30
Time (min) Time (min)

Fig. 4 Involvement of prostanoid DP receptor in increases in intranasal pressure by
histamine (A and C) or U-466619 (B and D) in actively sensitized guinea pigs

Actively sensitized guinea pigs were exposed to saline, histamine or U-46619 for 2 min, and
intranasal pressure was measured. S-5751 or vehicle was orally administered 1 h before
mediator exposure. Each value represents the mean = S.E.M. of 6-8 guinea pigs. *, p<0.05 and

## p<0.01 vs. time-matched saline-challenged group (A and B) or vehicle-treated group (C and
D).
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3.3 PGD2IZ & % histamine 5L N7 1 24 /A R TP Sz & RIS 5 s H oo Hesa /e &
TrAL ) A K DPZHEDOEE

PGDe MDY I VAT 4 ==X —IC Ko THHE SN D BEEGIO EFICHBE 52 20 E
O MERFHT 5 BT, PGD: & histamine & % M3 U-46619 OILFL 21T > 7=, FEREIEE LT

(ZHAM CILE PRI ERZFR LR WIRETH S 0.01%D histamine & 2\ E 0.01%D

U-46619 & & $12 0.3% D PGDe DHLHK 24T o 72 & 2 A B 6 MITHIRA 22 SIZERITO 157235
37z (Fig. 5BA B L UB), 245 @ histamine & 5% U-46619 & PGD2 O[FRFEFEIC L 5
B HLO EFIE. 10 mg/kg @ S-5751 #5512 K » THEICHIH & iz, S-5751 (2 X i =RIX
PGD2 & histamine #%%8 SFEEHTO EFITxE L TiE 83%. PGD2 & U-46619 i % M IEEHTIZ X L

T 88% Th -7 (Fig. 5C B LU D),
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A B

—@&— PGD, + Histamine —@— PGD, + U-46619
—l— Histamine s —il— U-46619
50+ e ##
ek

FIen b2 d

10
15

10

Intranasal pressure (cm H,0)
Intranasal pressure (cm H,0)

0 0 I T I T I
0 10 20 30 0 10 20 30
Time (min) Time (min)
C PGD, + histamine D PGD, + U-46619
—@&— Vehicle —@— Vehicle
—O— S-5751 10 mg/kg —O— S-5751 10 mg/kg

- - 0 - - Saline challenge -- g - Saline challenge

Intranasal pressure (cm H,0)
Intranasal pressure (cm H,0)

0 10 20 30 0 10 20 30
Time (min) Time (min)

Fig. 5 Synergistic enhancement of histamine (A)- or U-46619 (B)-induced increases in
intranasal pressure by PGD:z in non-sensitized guinea pigs and the effect of S-5751 on the
resulting increases in intranasal pressure (C and D)

Animals were exposed to saline, 0.3% PGDz and/or 0.01% histamine or 0.01% U-46619 for 2
min, and intranasal pressure was measured. S-5751 or vehicle was orally administered 1 h
before mediator exposure (C and D). Each value represents the means + S.E.M. of 6-8 guinea
pigs. *, p<0.05 and **, p<0.01 vs. time-matched PGD3 alone (A and B). #, p<0.05 and

##, p<0.01 vs. time-matched histamine (A) or U-46619 alone (B). *, p<0.05 and **, p<0.01 vs.
time-matched vehicle-treated group (C and D).
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RETIE, T UAF—MRRICET 2 GHEREED A I = X L&+ 2 BT, PGD: &
5 NI chemical mediator |2 K > TEE¥ I D BEEGIO LT 572 2% /7 4 K DP
SR GO\ TR L=,

b MZBWT PGD: DRPENZEE T, AL EMIERZFET L LMo TS, TOE
FHIZ[RIHEBE 123 T histamine & ¥ 10 %, bradykinin & V£ 100 558 /1 TH 5 220 Z L b,
BADRBUIRKESHFELTWVDLEEZ LD, PGD2 ICL > TH¥Ihd e FaPAIL, v X
% ) A K DP R EHHE TH D MK-0524 CTHRJICHESND Z Lnb, RZEEOREE )3

LN THD 5, Eio, HFUROMEY K LEE TREBIEIE L2 BTy b2 HUR TR L 7ZBRIEED
SNDEBENED FEICK LT, FrA¥ /A R TP ZAEREHEE, histamine Hi A i3k
57 CysLT Z &5 14E (pranlukast 30 mg/kg p.o.. RAFEDRAE) I L O platelet activating
factor (PAF) ZZAHEHTEE (CV-3988 10 mg/kgiv.. RAFOEAEL) 1ZH5 A 2240 2~ 3712
7223, S-5751 13 10 mg/kg DFE 542 L » TFIE BT BMENE D L2845 49, LA
FEOmMAEIY, PGD2IE7 0 A% /A4 K DP ZFEEZHM LT, ThAGNEEAALZELL, £
DEPAEFE~DZH 51T, 10 chemical mediator IZF L TRE WD & B HELR S LD,

ARETIL, BPEN~OMEY IR LHUREZEICEL > TEELZZEALE Y MTBWT, PGD2 D &E
NERERBENBENEOFER EAAZR L, ZORPENED EAN T v 22 ) A R DP ARG
ThbHSHBLICE - THEBIIAFEINDGZ L AR LI, TNOLORRNL, B FOHZRLTEL
Fy MIBWTH, PGDe N7 AH /A R DP ZFEZ L CEHENICEAZFRTHZ &0
BHOMNE 7o T, DEIZ, o chemical mediator (25 2 SARIUCKTH 7 A% /4 K DP
ZREOB Y % | histamine & 7'm A% J A K TP ZEKRIEBIK TH 5 U-46619 % AV TR L
Teo TURDBRIEN~DHEY KL ZFRIC X - TRe#d/E L7-E/LE > MIZ histamine 3 X O
U-46619 ZaENREE L2 & 25, HEIEOET/LE v MZHA~T histamine 5 £ O U-46619 (2
XD SOGTER S NTTIE L TR Y . X VARRE CRIENED ERNEE Sz, S-5751 139k
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JFAEENE v MZ histamine 3 L OVU-46619 % SN R#EE L Tl S0 SIENED B 24 <
M Lgh ooy, BEEEIE LT BTy MW AT 4 =— X — % BIENEE L TIN5 &
WENIED 52 FI KA DA BIZIH Lz, L7z > T, HUROMED K L#FE T chemical
mediator (2 £ 2 SPSEIRFE R OSUSHEN TTHE L72IRRE (SBBuE) Tk, 152 0fil4Ic k- T
FEAE ST PGDe N7 A% ) A R DP Z &K E N L CEMRIG & HIR L T D TREMEDS R &
no, ZEEPGDe D71 X% ) A R DPZHKAEI LTz 7 F /L & histamine & OFRAEHIZ
TLE Y FOFER 4 0T o R DR 60 (21T D A BRI TTERIGRC T v DL Lo R HK
R 6V BN THIE SN TS, 22T, HEEELE Y PORIENIC, B TIERENED LA
R L72WBIELL N OIXIREE D PGD2 & histamine & 5 ME U-46619 Z AR RFZE LT L 2 A,
B & MR BIERNED EA-BFED B, 2 b ORI S-5751 DORILEIC L - THEICHH S 7,
PURDHME Y IR LR & > TEPEN TR 72 PGD2 O FEATUENFHIE S AL, Sl EUE ORI
FAGLTWD RN H D, FE, 7 LAF—MHEROBEHE TITEF A & ik L THEEF O
PGDz &AMEFANIZHEM L TWD Z ENRESNTND 62, B hOT LAF—MHEROHIEIZE
WA BIOBFZERE R D X 5 72 PGD2 & o> chemical mediator @ EPAFER IS OFIEIEH Y £ D
BREREE L THWA2EARHTHL, LiL, b MRPEMET LBV TRIENAREBRTHW D
1% chemical mediator DA, 7 LLF —PERRBE ITHUTANR LI BIZIED DD SlrEsk
R O chemical mediator & & LR THLIZEWI EMnD, 7T LAF—HERRICET
5 BHORBUNTHM D AT 4 == F —DHBEE L TNDHDTIER<, PGD: B L UH % D
chemical mediator OHFEMEHBFORREE ZH o> TV D LHERIND, /o, AFEIZEW
T. PGDe B T#EI I D BFENED EFHIT S-5751 1 mg/kg O 5 Tl S i=n%,
histamine X° U-46619 & OAHFIEAIC L 2 SFENED EFIX S-5751 10 mg/kg D512\ T
T0~90% DI T >7=, —FH. FLE Y FOHFRFFKBLEET LBV TIE, S-5751 1E 10
mg/kg OG- T 95% DIl &~ Lz 49, HUREFRIC L 5 BEAOIHNIZ L, PGD: HAMBIK O%5 A

FOEHED S-5T51 2B LT 52 L, Flo, AR BEHTHZLEDBHALNTHD, Lion
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ST, HaRPURICE > THERSND T LA F—MHRROPFEBIZE N UL, HMDORX T 1 =—X
— TR, BEOAT 4 =—Z —DPREORIECHEFFICEAGE L TWbH EE X b D,

U EORAEL Y, PGDe 137 m A% /A K DP &K% LT, Hild 5\ histamine X°
TXA2 D X 5 72> chemical mediator DRISZIEIRT 5 Z L1 Ko TEPER AT T 5 Arhe
PEDSRIR ST, [AIRFIS, 77 LL X — MR RIC 1T 5 B PEIR OFE 2T, PGDs & chemical

mediator OFAIEAY 72 & B RS HETRVEF 23 LR 70 48 B 245 - TN B AJREME DS R S Tz,
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FI3E Y UERRWEET MIRIT LT mAZ ) A K DP 2T O

—
=
il

Il

il

BPERE SRR, U S oRER, IERIAE, A TP ERES X OHERER 72 & O 4 2 SIE MR O 1RE
R0, RIEAEE B OBEC X 2 X0ED KOG (RUERBUE) &0 S BHEORIEHREE TH D
CEFRINTEY 63 PURRNKIC X - THEAIN D8~ 72 mediator BWRIEFRIK & LTEZ BRI
TW5, JEINEDBFEICHIRZAMT 5 &, KM (BALF) 10 PGD: & &N
EHF 5L 1764 PGD2 DWW AFTEIC Lo TRUERENF R INDH Z & 29 22h, PGD: b 3E
i BN B W CHEEREKE ZH D B2 bILD, PGD2Id 7 m 2% /A | DP %%k & CRTH2
D2 ODZFEBIFEET DT ERHMBNTND 20 3, ZHETICMHEET MIBITDL T AKX )
A K DP ZHEOEFENCE L TR > ToE 1 H 5, Matsuoka HiFE 7w A% /A4 R DP &K
K~ T ZHURIRIE L7= %%, PuRER#E L T X415 acetylcholine (2549 % Kl i O TLHEE,
KOE~D U 3Bk L OUFERERIRE, Th2 YA SO A VEEADR, BAER~ T R LA THEITH
FLTNDZEERELTND 40, ZOFER EIIFIMIC, Hammad DIIPIRERZERIZ T 7 2
% ) A N DP ZABHIHSEThH 5 BW245C R XGEI G- LTc~ 7 A Tld, KBRS TR L O
SOESIEDN I S, 2 OMEHWERN 7 v 2% 7 A4 K DP ZHFERE~ U ATIIERT L2 &%
WELTWD e, Lok dic, rRAY¥ /A K DPZEEEN LIZKGERISZ DV TS
DRERVDRENTEY, BRARDFEBREZMOTMENRLEEND,

ZZTARETIE, vV VOERNNGEET Ve AW THRFRKERRICB T 5T n 25 ) A
R DP SR EIEHEE OB A RFT L, KAZBEEROEENZOWTELE L, v PO R EE
TZIE, 7 Z B BRGUR Ascaris suum antigen [ZBRBIES NI Y U EHWTE Y . A&7
JEAFALE A 0B & T FURRER IS Ko THILR < BN 3 L ONE R KOE UG, carbachol (2%
T 5 KGES ST, BALF O RIEMMIOBMRBIER SN D 6 2 Lovh | BABYIHBRICH
D BIRONRERFET D2 OICERA S T05, £, URIOMERICE T, AET /LT
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kDO BB LRI, PURERBEE%ICEIN L7~ BALF 1112 PGDe &3 EITHIINT 5 = L ViR
EINTWA 668, X5, S-5751 1%t Y YD/ Zz PGDe THITK L 7-FED cAMP O FE A= 58
ZEERIZCHEIT S (IR &) ZEnG, RETF VI T e A X ) 4 K DP ZRIK

FEHEE O BRI T D EHORGHIA M TH L LB b D,
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2. FEBMER XU

2.1 FEWr LU
Tua AKX ) A R DP ZRHEEEEFIEE LT S5751 A L7, CysLT =& KHHTHK
montelukast sodium /&, Singulair (77 L v ¥ 77 —< KK) ZEEA L. HEFHUEK )

THH (MEE 97.7%) L CREHI L7,

2.2 EREW

FBRTITAE 32—46 kg (F1 40 kg) OKIEIHRFUR (Ascaris suum antigen) (2 HRRAES
Mot e Y D Uiz, BT N TRIETUR O WA ZRFRIZ L - TRIERMER JOEEMEDO X
B SZ B L. PURIL AT, carbachol =7 1 Y /L OW AIZ & » TRIEBHEME (AHR) %
FIETH Z & R LTz, T T OB IFRIT Mount Sinai Medical Center Animal Research

Committee D b = —~ 47 7 1 L OVEBREM)E A E I HERL L CTHElia L 7=,

2.3 FEBRIIE
2.3.1 Jiifk$HL (mean pulmonary flow resistance : R1) OHIE

JERNEDRE D 7= IS BRENICHEE Lz IL— 2 BT — T v ERENERE D 7= OIc K E
F 2 — T E LTERE D T —T V& 7ZE b7 7 2 —%— (MP45, Validyne, Northridge,
CA. USA) (Z#%#¢ L. transpulmonary pressure (JiN/NEZS) 2@ Lz, — 7. KdE X,
—a2—%FX# 22777 (Fleisch No. 1, Dyna Sciences Inc., Blue Bell, PA, USA) Z%uEW 7 —
TIVIZEEGE L CHIE L7z, Transpulmonary pressure & KUiiEE & 5odk L. Ko HFESY L TR
O 5D HRE & transpulmonary pressure & DZ8 LS R ZFH L KOEIHEDFERE & LT,
WEFICL DT =7 4 777 bEROE 5~10 MO FEIfEE Ry ORIV, HIERAIT cm

H20O/Little/Second (cm H20/L/S) & L7-,
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2.3.2 RIS L OSKGERIEIR 7 O A TJ7 15
PURE L OSKGERITEIA 1 O AL, LARTOR#SUHE > TITo 72 6566 F7pdoth | 7 4 Al BHTH
(PBS T 20 f#75f. 82,000 PNU/ml). carbachol X O'LTDs DWW AL, ERAXT T A V' —
(Raindrop. Puritan Bennett Co., Carlsbad., CA, USA) ([ZEREF & EAE2S K A LEE (20 psi)
7 D B 2 MR & X 7 2 A i L 7SS 2 VT T o 7 (1 AR 500 ml, #5EIEL 20

51753 o

2.8.3 Carbachol (Z%fd 2 &GE S ORI E
SGEFOGYENE carbachol BRI &-FOSHI#RZ HWCTIRE LT, $72b5H, 0.25, 0.5, 1.0,
2.0 B L1V 4.0 w/v% D carbachol/PBS ¥k % 2.3.2 THIZ "3 J71E TR IREE 10 FER 3O A
A SH7BED R 2 WE LT, KB RO ENE carbachol @ 2 FE H &S #i#R & D  RL % basal level
(PBSWA) ™ 400% F T L5 X 5 carbachol ™ 5 F&H & (provocative concentration of 400%.
PCuo0) ZH M L TRO7z, carbachol DRFEHEIL., 1 w/v% D carbachol IFIR=7 1= Y /LD 1 I

W BN % 1 breath unit (BU) & L CTEH L7,

2.3.4 K SMMRYEER (BALF) ORI & flfus ik

80 cm DIET 7 A S —RE H A BRI U7 SATHRA Uic, BlvEH 358 S8
working channel (ZfEA L72 30 ml &> U P&V, 39 °C, pH7.4 [T L7 CazrB IO
Mg2+Z & A L72Vy PBS Ik 30 ml OIEA L W52 K> TT o 7o, FHIERFRIC, 3 EETOMIKE
X5 BALF Z [ L T —/L L7z (total 90 ml), X L7z BALF (3 242D A v 2 2@ L T
AR 2 BRZE L 7c % hemocytometer |2 A N L, A AHZEBAIMER T X - THaMIia oz FH L 72,
S 512, BALF %0, PBS T 1 x 106 cells/ml (ZFF8&% L. cytospin & W\ TBIRIEAZE
L7, BIRIEAL Diff-Quik (Baxter, McGraw Park, IL, USA) TYt L7k, BAMEE T,
HifE 500 OKGE EEGld, ~ 27 v 77— AFHERD AFERER. U LNER. HLEREO O RE
MR OFFAELL R A2 G L, Al & oF-FIC L 0 K RIEMERI A R L,
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235 FERZ7w ba—

FEERIX Fig. 6 lZR 370 ha— WIit->THEE Lz, T70bb, LB - T 10 SHOMKE
HPURICRAIE SN FOROSMEZ . IR BT RIS L > TR L. 5 BT S 28 (ABLUB)
W2 EI L7 (Table 3), BFEDAFENIEE L, S-5751 35 L UF montelukast OHLRAENE I H R A E <
728, BERMKIE I (late phase airway response. LAR) ¥ X OV&uE @# M (airway
hyperresponsiveness, AHR) MFRIFEDEE 725 X 9 FBE L7z, Table 31T X HICAZ Y —=
> TR IZ B W CRIRRIAGE G (early phase airway response, EAR). LAR 3 X OYAHR @
WL OHIEM S Group A B X Group B @ 2 FEICHEZIIRD 2o 7=, Fig. 61T
4 X 912, Group A I vehicle (0.5% A FiLtLm—2) FEAOFRGORBREIT->7-%. S-5751 30
mg/kg (B, 0.6% A FLtm—2R) BEAKLGORERZ1T 572, Group BI¥ S-5751 3 mg/kg

(FEIE, 0.5% A F vt —R) EOEEOMRZIT>72%IZ, montelukast 0.15 mg/kg 2 [Fl/
H. fIRNE G (B, ABEHK) ORBEZITo72, 0¥, S-5751 DR NRGIZITREFHKE
Ba iz 60 27 ) —=v 7 Bk LORRBUCIB T 2 0] ORER (vehicle 38 XY S-5751
3mg/kg O G) &%k oRER (S-5751 30 mg/kg % N 535 X O montelukast #5-) D[k

WL EZ2F TiT 572, Fig. 6 @ timeline (2739 & 912, FEME GO 1~4 HREIZ T
carbachol 2519 % %GB ME & BALF H1 O RIEVERR 2D baseline fEZHIE L7z, W53
PURZREE 4 HAI2 ORI 6 B E TH ATV, PUREER H 2BV T, vehicle £721% 8-5751 %
2 REMRTIZAR O 5 L, montelukast % #:#% 30 /At £ O 4 RERIRICERAIRN G- LTz, LRGSR
fitEHT (RL) OREICOWTIIHUR R 2 Fifdld LU 80 47l H7-. 2§ 1. 2, 3, 4, 5, 6,
6.5, 7B L 7.5 REHIAICAT o7, PUREEE 24 BEHITR I KOV 7 A%I21E AHR (PCaoo) % MIE

L. AHR #iE#%(C BALF ORI Z1T > 72,
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Study Design
Animal allocation based on EAR, LAR, PC400

| |

: B: 5 sheep
A: 5 sheep
Vehicle §-5751, 3 magl/kg

Antigen challenge: EAR, LAR, PC400, BAL

| |

A: 5 sheep B: 5 sheep
S$-5751, 30 mg/kg Montelukast, 0.15 mg/kg x 2

} |

Antigen challenge: EAR, LAR, PC400, BAL

Timeline

Challenge

v R
Days 8 6 4 -3 -2 A1 0o 1 2 3 4 5 6 7
| | | ] ] | | | | ]

t_ '—AHI;,B;\LI—i
sl N A A A A A A A A

Treatment days

Fig. 6  Schematic of experimental design and protocol for an asthma model on sheep

Table3 Antigen-induced early (0-4h) and late (4-7.5h) bronchoconstriction and airway hyperresponsiveness in formulated groups
for the pharmacological study

AUC Post/ pre-challenge PC o ratio
Ry (%) 0-4h Ry (%) 4-7.5h
Sereening antigen trial (early asthmatic response) (late asthmatic response) Day 1 Day 7
Group A mean+ SEM 610+ 26% 478+ 11% 0.5+0.0 0.51+0.0
Group B mean+SEM 4941 64% 4841 14% 0.5+0.0 0.6+0.0
P-value (unpaired Student’s £test)  0.153 0.751 0.694 0.213

Early and late bronchoconstriction are expressed as AUC. Airway responsiveness is expressed as a ratio of the post/pre-challenge value of PC .
A ratio of 1 indicates that there was no change in the airway responsiveness, whereas aratio < 1 indicates the development of airway
hyperresponsiveness. Values are mean= S.E.M. for five sheep. AUC, area under the curve.
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2.3.6 LTD4#FHXERIGE T IV

S-5751 7% in vivo (23T CysLT1 ZARIT/EH L TV W2 & 2 fERd 4 572, LTDa k%
ROESUSET WIZEIT 5 S-5751 DIEMZfGEt L1z, T2 6, 3EHDO Y VITk L, WA 4 HAl
L VY HETO S5 HFH 30 mglkg D 8-5751 2 5-Liz, WAY H D S-5751 #5135 UK AGABR
D7 k3= VHE, FefO LTD4 W ABAR 2 BFIRTIZAT - 7o, W 5-4%, LTD4s % 50, 100
5 J U 150 pg/ml DNEIZHIFEAIIC 10 FER T O A SH ., FREO LTD. WA 5 43 O fifitfst

R ZHIE LT,

2.3.7 TREHEAT

FRAR T S AEAERRE TR L, AEERE TSRO = b —/Lfif L S-5751 ALEREH

THOBSIT TV, AEENED LN7=5E121E Dunnett’s test T& S IZHENT L7=,
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3.1 XGEBGIZEIT S S-5751 OIEH
HEFHRKEIGENSB X OV AHR 1281 5 S-5751 8 X O montelukast DYER Zfiat L 7=,

Fig. 7TA B X O Table 4 2773 & 912, S-5751 3 mglkg % 5-HEITHUR 5 6 B S50 IHE SO

(AUCo4n) & BFBISGENAGS S (AUCs75n) ZHIH L7y o> 72, —JF, S-5751 30 mglkg
L O montelukast & 5-RHEZ 35U CUFRNTIRFRY SOE IUHE S 2 50853 BN L, 38 GBS SO
IEIEFE2ICHHE L= (Fig. 7TA. C B X (X Table 4), ifi& Ol O IXIEIE RS CTH - 7=, Fig.
7B 3 L O Table 4 1273 X 912, S-5751 3 mg/kg F 5 EHITPUR ST 1 B OKE BB %
P L7227 723, HUREREE T B % OXGEBEUE 2 502> F BISHHl Lz, —J7. S-5751 30
mg/kg & montelukast #G5-HEIZIWTIEIHURETE 1 AfRd X ONT A #% OKGERBEUE 4 121F5t

W L= (Fig. 7TA. C 38 X Table 4),
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>

600
M
£ 500
]
& 400] —e— Control
2 —o— §-5751, 3 malkg
£ | —v— S-5751, 30 mg/kg
G 300
=
[
S 2001
c
2
S 1001
X
j 07 IL J
o ‘  RAUCuy)  FAUC,g)
-4 2 0 2 4 6 8
Time (h)
B 35 —— Control
== §-5751 3mglkg
a0 EEE S.5751 30 malkg
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5
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©
g 15
S 104
=
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o
5
0 : .
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Fig. 7

R, (% change from baseline)

PC,qo (breath units)

600

500

4007

300

200

100

—e— Control
—o— Montelukast

|
*(AUCy 4) *(AUC, 7 5)

354

304

254

-2 0 2 4 6 8
Time (h)

— Control
mmm Montelukast

+ +

7dPA

BSL 1dPA

Effects of S-5751 and montelukast on the time-course of antigen-induced changes in

lung resistance (R1) (A and C), and airway responsiveness to inhaled carbachol expressed as
PCa00 (B and D)
Each value represents the mean + S.E.M. of 5 sheep. Top: *, p<0.05 and **, p<0.01 vs. vehicle

control (Time-matched statistical comparison). Bottom: *, p<0.05 vs. baseline, +, p<0.05 vs.

vehicle control. Statistical comparisons are presented in Table 4.

Table4 EffectofS-5751 and montelukast on antigen-induced early (0-4 h) and late (4-7.5 h) bronchoconstriction and airway hyperresponsiveness

AUC 4, (Early) AUC 7 5, (Late) AHR (Day 1) AHR (Day7)
% % Post/pre- Post/pre-
Group R; (%) inhibition Pvalue Ry (%) inhibition Pvalue challenge Pvalue challenge Pvalue
vehicle 652+ 48 318+9 0.50+0.03 0.48+0.04
S-5751 3mg/kg 584+ 51 10 NS 314+ 14 1 NS 0.48+0.02 NS 0.78+0.60 <0.05
5-5751 30mg/kg 385+ 33 41 <0.05 6112 81 <0.05 0.961+0.02 <0.05 1.04£0.02 <0.05
Montelukast 423162 35 <0.05 65112 80 <0.05 1.00£0.05 <0.05 1.00£0.03 <0.05

Early and late bronchoconstriction are expressed as AUC. Airway responsiveness is expressed as a ratio of the post/pre-challenge value of PC 4.
A ratio of 1 indicates that there was no change in the airway responsiveness, whereas a ratio below 1 indicates the development of airway
hyperresponsiveness. Values are mean® S.E.M. for five sheep. AUC, area under the curve. P-value:vs vehicle.
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3.2 PURFEFE JUEMEMIZIR I KX T S-5751 DIEH]

Fig. 8 IZHUREE L= & ¥ BALF HARAEMEMAEEIC & IE 3 S-5751 35 £ OF montelukast
DYEMZTRY, PUREE 1 H#% TIE, baseline (23517 B A%k &t~ BALF th i, ~
7177 — VB LU ERI OB 6 3 R BEINAFE O Hav, ZOHINE 7 HRZIZHE W T HiERF S
7= (Fig. 8A. BB LWC), S-5751 3 mg/kg O 51%, FURRETE 1 HEICBWTIZZN 6 OHM
N6 U CHIfIE M O 2 THE RSB 2R S 2o 1o, 7T BRIZB W TiTiMiiad, ~ 7
177 7 — VR L O HERE O WISk L CH AR RMHIVER Z 5~ Lz (Fig. 8A. BB X UNC),
—Ji. S-5751 30 mg/kg D 5-1%, PURREE 1 At L0 s GEICmE L, 7 &R

TR, <27 v 77— V5B L0 EREOWThIck L THL AR ARMEIERZ R L

(Fig. 8A., BB XU C), F7-. montelukast O 51, S-5751 30 mglkg D5 & [FED I
IR Z R LTz, ARIORBRICISWTIEL BALF PO REREKE S HIE L7z, baseline (Z351F 2 AFFEEK
#5013 2.6+1.9x 103 cells/ml TH L5 DI L, HUFZFEE 1 H1% T 8.2+3.5x 103 cells/ml, 7 H
% TlX 1.0£0.7x 103 cells/ml TH ¥, 1 BZIZIWCTUHREERB OB M AR bz, A
T oT, F7-. S-5751 B L U montelukast D512 L 2 AFEEREREL DZEALITRRD B AL 72 )

STe (BEEIZIF RS20,
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3.0

1 Control

$-5751 3 mg/k
== $-5751 30 mg/

Montelukast

ko

2.5

2.0

1.5]

1.0

0.5

0.0

Total cells

300

Cell ratio (/ baseline)

50

251

250+
200+
150

Neutrophils

+ + +
]

1 day

7 days

25

2.0

1.5

1.0 1

0.5

0.0

Macrophages

/

7 days

Lymphocytes

Fig. 8 Effects of S-5751 and montelukast on antigen-induced infiltration of inflammatory

cells in sheep

Data are expressed as a ratio of post-challenge values on day 1 and days 7 (after antigen

challenge)/baseline. Values for total cells, macrophages, neutrophils and lymphocytes are

shown. Each value represents the mean + S.E.M. of 5 sheep. +, p<0.05 vs. vehicle.
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3.3 LTD4#h e KB GIZ R % S-5751 DIEH]

2 OPURERZOESNZ A% 8-5751 & montelukast OYEH 2L L T =72, S-5751
23 in vivo (23T CysLT1 = 2RICxE U CHEFUER 2= et i@ Sz, 22T, LTDs
R LGB AE R x5 S-5751 DIEH st L7, Fig. 91279 X 212, S-5751 30 mglkg P

e B-1Z & o T LD i 3 XGE IAME RS 3] S Avie o 72,

600
— 500 -
[
c —@— Control
) —O— $-5751 treated
o 400 -
©
Rl
£ 300 -
o)
| =
Y
Q
o 200 -
c
©
c
‘-; 100 -
S
-
(14 0 -

T T T T 1

0 50 100 150
LTD, (ng/ml)

Fig. 9 Concentration-response curves to inhaled leukotriene (LT) Ds with and without
treatment with S-5751

Animals were treated with 30 mg/ml S-5751 for 4 days and then on the fifth days 2 h before
LTD4 challenge. Each value represents the mean + S.E.M. of 3 sheep.
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ARETIE, eV VOERHEET VB LV S-5751 WV, iEIZBITH7m A% /A K DP
SERROERN Z MG LT, ZOfER, 7 a2 % /7 4 K DP 2RO EIZB T 2#%E1%X, Hommad
5 38 X Spik 5 68 23S L7l 72 b O TlidZe < . Matsuoka 5 D5 400 L [ERRIC, KOER
TEZEET 26D ThH o7,

ARFHZ I T, 30 mgrkg O S-5751 |3HURFHEFEH% O EAR,LAR HUJf##F 1 H 1% D carbachol
(RS 2 KOEBUGTED TUE , RAEMEMN DOIRAE 2 A I HH L7223, 3 mglkg TIXZh b DORIG
ZHNHI L7227 T, ARREHC BT 2 PURRFER O S-5751 O M EEA2HIE L7- & Z 5.3 mg/kg
FHRETIL 0.02 pM, 30 mg/kg #5-8Tl% 0.36 uM T H>7-, &V PRP % PGD: #llif L 72 B
? cAMP 2T 5 S-5751 OEIHIER I ICs0 i T 0.12 uM Th o7z (BAEITITR S 720, 3
mg/kg % 5-CTlL ICs0 D 1/6 DILHEE TH Y | 30 mg/kg £ 5Tl ICso D 3 {5 D ifL LT
bolz, Lo T, 8-5751 3 mglkg #G-AHCHBWT, FURETE 1 A% £ COXGESA IR S
Nieho R RRIZ, (EAZRBETLRYBEIGEL QW aRho el tEx b, —J, HiR
F27% 7 H# TlE. 3 mglkg @ S-5751 128\ T b KuHIEBUIEF X ORIEMIZREIZE B2 S
iz, PURZREEEE O PGD2 O KB D% b FFRHANRIRE O PGDe S S, Fm A% )
A K DP Z&E %N L CRIEBEMER L OKGE ~DO RIEVEHIIRIE ORI TS LT 5 alherE
PR EING, FE, Liu 669 1%, EEEICBW THURERE 5 /3% 38 KOV 19 R4 o BALF
F1D PGDe 2 IE L. 19 FFH&IZIWTH 5 0% 0D 2/6 FRE TIXH 528, & A & L TF
BICAEE7Z PGDe S &N D Z & 285 LT\ 5, 3 mg/kg @ S-5751 XK D PGDe fili %
FrgthIZ T35 2 & T, HUREE 7 B R OXIERBEIER K OVKOE ~ O SAEME = 2 80 L
b Ebivs,

ARRFHI BT, S-5751 X EAR 2 H E Tldd 2 B30I 72 il 2~ 310§ & 2202 7203 .LAR,
OB L ORIEPERI R IR A 50 < B0 L 7=, S-5751 @ EAR (2§ 5% %1%, Johnston 5
2 D& MIFITDH PGD: WARBOTERAELEFHET D LV E L —HT 228, PuUssgC
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BRx o AT 4 == 2 = &5 F1CTO PGDe D EAR ~DF LT3 L E 2 B d, KB
BIFTD PGD: DT A% ) A F DP ZRZ Lofiliid, AR OB R KGERE LD b

LAR., XUEIEHEM:F J ORIEMEMIZRIE O K 9 2 RIEMDOKIEMISIZ LD B TFE LTV D

I
b
iy

PEAURIESND, ZORIRIT, Fm A% )4 F DP ZF KRB~ 7 A B W TARIERBME, <0

20
fm

DIIEMEMMINZE I L OV A MU A VEEAED XD RRIEFIEH T AR~ 7 2 & X TH BT
b9 %5 LvH Matsuoka & DOFER L —B§ 5 40, —J5, B Y VEHWEARTTIE, Baio~
TR A0 LF) LTy b 4 B O EREBREE R & KGE~OREAIIISE O DR B, v U AT
LBy BT, PURBRBERICHRVAFRERZ AR S5 28, B Y V& AW ARG T, 41
KREIZ<S OTNTHY v 7 v 77— ROTH P ERTRMIIEEL D 80—90%% 6 T iz,
I HIZ, S-5751 30 mglkg DIGIE, HUREE 1 HRICB W Th~ 7 v 77— Uk KO EkR
o LTmilfEm a2 m L. 7 BRI W TUIABERIGIEN 27R Lz, S-5751 OHURFHEIH~ 2~
77 7 —IZHEOMSIER OREIX, Ty b EHAWLRIO®RE & —%T 54, L7z o T,
Y VOERIHEET VBN T~ n 7 7 = VB IO PR RIEOERICES L TRV,
Tru AL ) A K DP ZFEEEHEHII IO ofilaz i+ 2 Z LIk o T, Pk B R AR L
TWD eI EN D, WEICB T2~ 27 v 77—V IO EROBEALGIIHAME TRV, v 71
77— VAR ASDOEER LTINS T T % R BRI -SRIEMEY A N A v OREAMID
12 THY 070 GEPERS HAMRE SO E N ONTND 72, Fa Ay ) A R DP 2R
PUEROHMGERA I =X LZHONTIE, S HICHFNBLETH 50, AEFEI e MIBWTHA
F7emg BIRHEERIZ /2 5 Z L3 Haolicifscx 5,

ARFHZFBN T, 8-5751 % CysLT = A MAEHIHE TH 5 montelukast & Fa{EL L 7= #0ilil {EH 2 7%
L7272%.S-5751 @ CysLT A ~DEEAER N E S 17z, Lo L, in vitro DRREHI BV T,
T v Mili~OBH]-LTDs D&% L, S-5751 I3k AL EF M2 R & 7202 - 72 1C50>10 pM) ,
S 5T invivolZB W T e Y PIZLTDs 2 WA ZER L T S 5 %0EHZE % 30 mglkg D S-5751

ELMBEWER 2R & o T, LT - T, S-5751 ORIERIEMFEIER 2 CysLT Z /KL D
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B 7 B A F—27 & LT b D TH D AR RV e EX b D, 72, LTD4 I m 2%/
A R DP ZHKREZEHER L2 L& shTng ),

LEDRHENS, e 2% 7 A 8 DP A MEGEHKIE, CysLT AR ONEHK L 0 5w
REMESCHL A B D EAR G2 I o TR & 2 W ARSI 72 (R 2 F 43 2 WIREMED N B 0 L Bz 72iA

PRHE L L Chig EOIGIRICH IR 2 rIREMEDS RIR S D
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F4E T MUEBEKERBER S NNIRBERIEET UVIZBIT 57 n A% /A4 K DP Z&IK
FEHUER O
1. =5

H3ETIE, BV VOERIMEET LEHWTT 0 A4 J A R DP 5K Fisk s fins B 1E
MERET DL EmR Lz, RETET v hOEREHEETLVEMRN, 7r2% /4 F DP %
RIRFEHISE L prednisolone DA % Flhiat L7z,

7 v FPOFERIHEEET AT, B Y POERIGEET NV LEFERKICRNY BT 7y —Y - B
RIS LOUFHERIMEAFEE SN 5 L3ET, v T R 40 LB /LE Y | 4 OERINGEET L L Rk
(ZBEE R AR ERIZ TSRO DD, 2D X 9 R RIEMBRIT. BRRIZIR T 5 ERE OB 74 On e
ORAVEEAERE 5 OIERIERT 2R CTH D, Fo, Hx O TAEMFINT 7 a —F R alhgle s
TEYVIVENTEY ALBWIDSF A I = X LN T HET L EEZ NS, & 2T,
Tr A ) A R DP ZREIEGHED LT A T = AL+ 5 BT, FOFURFEIRY A B A
VEBIONTENA Y mRNABBUIXIT A7 0 A% ) 4 RDPZREETEEO B RTT5 L &

BT BT 2 AZ RO TN O [F7E 2 777,
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2. FEBMER XU

2.1 FEWr LU
Tra A% ) A K DPZAEEEFEEE LT S-5751 35 X U pinagladin % {# ] L 7=, Prednisolone

I% Sigma Aldrich K WA L7z,

2.2 FEBREMW

FEERIZIZIRE 240—400 g D IEME Brown Norway 7 » b (HAF v —/L A« U /3— Yokohama,
Japan) ZEH L7z, BIL 6 HECHEA L, =R 2323 C. WE 30~70%. 12 K Z & D
WA 7 M X2 NTRIIOBREE 7 ¢, BTk K OUKEKZ B BRI, 1 ERE PHAEE
L7cth, FERIHER Lo, 3T oah 55k 13 B 2 RSEE) ) 50 (FE A & B2 O BUE I HEHL

LT3k L7,

2.3 FEBRFE
2.3.1 EORAER X ORGSR

EBIT Fig. 10 IR TER T 0 b 3 — Uit > TiT>7, F > FZ 100 ug OVA & 1 mg K
b7V =0 L7 NVOIREHR A day 0 IZIEENT G- L TEMEL -, Day 12, 19, 26 5 LT 33 I
AW F 7 I 4 % — (NE-U17, AL, Kyoto, Japan) % VT 1% OVA ZBEEHIKEIE 4
30 JyMETE Lz, FEMERTBBRNCIE,. 1% OVA Ofb 0 ICABRBHKREZF A7 Y 2—/L T
30 Sy AR L=, SOERJSPEORIER KO BALF ORI, KEPUREZEO 1 H#% (day 34)

\ZAT- 77,
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Sensitization Challenge-1 Challenge-2 Challenge-3 Challenge-4

0 12 19 26 33 34 (day)
0.1mg OVA/ 1% OVA 1% OVA 1% OVA 1% OVA
1mg Alum/ rat 30 min 30 min 30 min 30 min B hialh }
- inhalation. inhalation. inhalation.  inhalation. ronc| yperresponsiveness
ip inhalation inhalation inhalation. inhalation. | \\ . RALF
4444441421 Mucus secretion in BALF

S-5751, p.o., 3 times a day

e e e o o ¢

prednisolone, p.o., once a day

Fig. 10  Experimental protocol for an asthma-like model on rats

2.3.2 HEMoG
S-5751 15 L WM pinagladin (£7 v MIEBWTIINA AT XA 70 7 0 —NE< (100 mglkg
? S-5751 FE A GIZIBNT 6.9%) . IMH TOHREEH S Fuy (S-5751 DOfE 512V T 4
FEfE) 72, 100 mg/kg ZicmMHEE L, 1 H 3 HOKO#E %217 -7, Prednisolone I% 3 mg/kg
OHETLH 1ERO#KESL Uiz, k513 3 B HOPURREE R (day 26) 75 RMEPUGEE H
(day 33) ETOHEH, F 8 HMT-7z, 72d. HURETEHIZIX, 2F 1 RN Y 0% 5%

1To77,

2.3.3 Acetylcholine (2%} 5 &0E SUOSMED R E
ROESOSMEDORE AR & DS E W 9> TTo 1o, Pz 24 FEH#%. sodium
pentobarbital (80 mg/kg, ip.) IZXDMIHTFTT v FOKEBLOHEHIRZUIFAL, 1=2—

AL LT, REOH =2 — VI N TR EE (SN-480-7, 7 /. Tokyo. Japan) %t L

~

—EDZER A MIZEY (1 [EHA R 3 ml, #AAURIEL 60 [E1/57) . MR A HERFT D & & biC
ERICMBEREOE MRS LT b T v AT 2—%— (TP-400T. H A:E. Tokyo. Japan)
THEL, KOEEFIORBEL Lz, R—2 744 VOXGERIZNE L-%, FHx ORED

acetylcholine (3.9, 7.8, 15.6, 31.3, 62.5, 125, 250 B X500 pgkg) % 555 = & (i
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ICH =2 = oGS5 2 LI2L > THE LR 2 KIEHEGTO BB ##r o> g T

(AUC) ZHIE L, XUB\mBEIEDEIE L L,

2.3.4 KESMRYEER (BALF) o[alIX & AlRu s FE

KUESOGTEDOPER , KIEICH =2 — L2 L, 5mlD > ) 2% T mlo AR R K
Z3ETEAN LRG| 240 IR U CRUBENPED B 21TV Y, BALFA R L7z, BALFIZTorki (Fof
#idE, Osaka, Japan) (2K > THREAEITV, BAMKE T CRMEEEZHIIL7, S 512, BALF
Z A FAHTK T1x106 cells/mliZ 72 5 K 9% L, Cytospin 3% AW TEBRIKIEAZ1ERR LTz, BIK
A I May-Grinwald Gimusa%sf (Merck & Co. Inc.. Darmstadt, Germany) THefa L7-%%.
BAMEE T CHIIR200f D~ 7 v 7 7 — U3 KOMLER, AfFrEk, 4FBRER, U o/ NERDED B B RIE

PERIII O EER A2 FHI L. #e R & oBFIC L 0 B RIEMMIa A B LT,

2.3.5 BALF 410 mucin &OH|E
KOBIZE T 2R W DO FRFE & L T enzyme-linked lectin assay 1412 & Y BALF H @ mucin
BOWPEZIT>72, 96 )87 L — k (Immulon IV, Thermo Fisher Scientifin Inc., MA, USA)
(\Z BALF %> 7V & % N3 mucin @ standard ##& 2 Ad1,37 CT 2 KA o F 2 _X— F L7z,
0.05% Tween 20 Z#&1e PBS i C7 L — M & Weif L721%. Block-Ace (KHAHEEL Osaka,
Japan) Z#AilL, 37 CT30 A »F=~—hK L7, BEEH%. 2.5 ug/ml O 4 F 1k Jacalin
(Vector Laboratories, Burlingame, CA, USA) PBS &% AL, 37 CT 1WA > =2
—hL7z, SBICFb— ME#E#%, PBS T 1,000 %4 L 72 streptavidin-conjugated alkaline
phosphatase (Jackson ImmunoResearch Laboratories, West Grove, PA, USA) ZRIIL.
T 30 7l A ¥ =2_X— K L7z, V%, p-nitropheniyl phosphate ¥ (Sigma-Aldrich)
UL CTREKIEEIT>72, 3 N NaOH THREIEZFIE L, 405 nm OB R ICIIT 2WLE

EWICHEER TR LT,
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2.3.6 Real-time jE& PCRIZ L D&+ M A B L ED A mRNA ORIE
RAEPUR IR O 6 Bk, 7 v M OMMAEREZ R L CRUBIZIHARZESE T L. RNA fili &
THRERAT LTz, D total RNA fifiiHiZ TRIzol Reagent (Invitrogen, CA, USA) 35 &2 U8 RNeasy
Mini Kit (Qiagen. Hilden, Germany) % M\ T{T~>72, cDNA &%iZiE SuperScript III
First-Strand Synthesis SuperMix (Invitrogen) % H\ 7=, Real-time & & RT-PCR % ABI PRISM
7000 Real-time PCR System (Applied Biosystems, Tokyo, Japan) (Z & Y SYBR Premix ExTaq
(Takara Bio, Shiga, Japan) % 2T 95 C, 10 57, H\ T 95 C, 5 I L V60 C,
34 Bl Z 40 VA 7 LV I L T mRNA OIE 21T > 7o, 8T IIOMRIL, NEMETEE
{5 T¥ 5 glyceraldehyde 3-phosphate dehydrogenase (GAPDH) mRNA MR H & CTHiE L 7-
%, BEMEXRREEICRT 28 RO EHEICH T DR R L, KRB CTHW-&#&

fHERA 7 T A ~—% Table 5 {257,

Table 5 Gene-specific primers for real-time quantitative RT-PCR

Gene Forward Reverse

IL-4 5-TGCACCGAGATGTTTGTACCAGA-3' 5-"TTGCGAAGCACCCTGGAAG-3'
IFN-’Y 5-AGGCCATCAGCAACAACATAAGTG-3' 5'-GCTAGATTCTGGTGACAGCTGGTG-3'
CCL11 5-TGCTGCTTTACCATGACCAGTAAGA-3' 5-TCCAGGTGCTTTGTGGCATC-3'
IL-1p 5-GCTGTGGCAGCTACCTATGTCTTG-3' 5-AGGTCGTCATCATCCCACGAG-3'

IL-6 5-CCACTTCACAAGTCGGAGGCTTA-3' 5-GTGCATCATCGCTGTTCATACAATC-3'
CXCL1 5-AGGCTTGCCTTGACCCTGAA-3' 5-ACGCCATCGGTGCAATCTATC-3'
GAPDH 5-GACAACTTTGGCATCGTGGA-3' 5-ATGCAGGGATGATGTTCTGG-3'

2.3.7 FMMIEAOIER
AEPURZRER D 6 KFfE]%. 7 v b % sodium pentobarbital (2 X 2 T C PBS 12 L 5 DMz
FED&IZ 4% D paraformaldehyde % & ¢p PBS i 2 180 L CHEE L7z, MizfHg, 51216

Kff#]. 4% paraformaldehyde Z# & ie PBS {EikICiz L CHEE L7z, ZDH%, N7 7 ¢ el
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THBU A ZER LT, TXTOREFEICEBNTHET mRNA O3 2P <72,

diethylpyrocarbonate (DEPC) #LBH/K%Z H 7=,

2.3.8 In situ hybridization (ISH)

Anti-sens 3 X O sens cRNA 7 rm— 7%, & Fi® QUICK-Clone cDNA (Clontech
Laboratories Inc., Mountain View, CA, USA) mbiE L7277 v b7 X% ) A K DP %45
KD 399bp 725D cDNA 77 7 A2k (60-458, GenBank NM_022241) % >, DIG RNA
Labeling Kit (Roshe Diagnostics, Basel. Switzerland) (ZX > CTHRk L7z, ATV TIER
U7 AERREA A X T 7 ¢ 1%, PBS T L. 4 pg/ml @ proteinase K (Roshe Diagnostics)
L 37 °C. 10 771 v a~_— F L CEEEALE L7z, Hybridization (ZIZLLRNZHE Szl
LB &AW, 3 72bb BEEEAEE U AR A Z DIG i S 1172 cRNA 7' 12— 7 C hybridize
L7z, RIE#D cRNA 7'1m—71% RNase (2L > THfig L7-, Hybridization #%. FARIMLIEG T
blocking # 17\, #i\ T anti-DIG sheep polyclonal §if& (Roshe Diagnostics) & 324 > F =
~N— K L7z, 00X Vectastain Elite ABC Peroxidase Kit (Vector Laboratories, Burlingame,
CA, USA) #H\WTITo 7=, FRMEA DK EEY 1213 Mayer's Hematoxylin % V2, & 512,
MBFEDEEDTZDIZ, v/ v 77—V B X OHERFERFA TH 5 horseradish peroxidase

(HRP) #&& ED-1 fifk & DAB (3,3-Diamino Benzidine) £ (Roshe Diagnostics) % f\»

7o SRR Y2 24T\, chromotrope 2R (2 X 2 LAY 02 K » TUFERERYL A 21T - 7=,

2.3.9 & MLk SR E

b Miti##kD 7 1 22 ) A R DP ZEEROFRBMNT 21T 5 BT, 2 AOh B EE (19 5Bt
BLOT9 k) & 2 AoFEM BB (L 75 miictt) Ofifk% Asterand Ple. (Royston,
UK) Mo F7 4 a7 oy 7 OREBTEA L, 20 O/ & OB A Z/Ed L, Bi s
T4 % LTy N TR AE ) A FDP AR~ AE ) 7 a—F bR () 2508 S
., fi~v v A4 F o Abhiik, HRP-conjugated streptavidin 3 & 0" diaminobenzidine (DAB)
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ZRAWTT 2% ) A K DP =R EME & Geta LT, BOX G121 1.5% methyl green
(Merck & Co. Inc.) ZHW\7z, F7o, M AGOMEIZIEL, hematoxylin & eosin (H&E)

PSRN
2.3.10 FEEHERHT

AR FE AR TR LT, AEEMREIT. 2 BRI OlEIZIX Student’s £test &5

IZ Welch’s #test & V., ZEEM LI 1 Dunnett’s test 2 VW CTiT- 7~
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3. SFEERRKE

3.1 Acetylcholine (T L 2 XGEEBEMEICKT T2 7 0 2% 7 A4 R DP 25K H3E 0 /EH

PUROME Y K LR 1%, AR AH/KOFE & ik L T acetylcholine (237 5 X0BE S EDH
BIUEZFAIE LT, TR AY /A F DP ZEEREHETH D S-5751 (10 mg/kg H LT 100
mg/kg) ¥ LU pinagladin (100 mg/kg) TP KGEBBE A2 A BEICHH Lz (Fig. 11A B

L O'B), F7=. prednisolone 3 mg/kg b HURFEIR KoEWHEEZH EICHE L7 (Fig. 11C),

70 ¢ 70 P<0.01 70
1

P<0.01
— P<0.01

AUC

il 0 :
saline 1 10 100 (mg/kg) saline pinagladin saline prednisolone
challenge S-5751 challenge 100 mg/ky challenge 3 mg/kg

Fig. 11 Effects of prostanoid DP receptor antagonists and prednisolone on bronchial
hyperresponsiveness to acetylcholine in a rat asthma model

The bronchial hyperresponsiveness was measured 24 h after the last challenge and was
expressed as the AUC. S-5751 (A) and pinagladin (B) were administered orally three times a
day for 8 days. Prednisolone (C) was administered orally once a day for 8 days. Each value
represents the mean + S.E.M. of 8 animals (S-5751), 5 (saline group)- 7 animals (pinagladin)
and 9 (saline group)- 10 animals (prednisolone). V: vehicle control. *, p<0.05 and **, p<0.01 for

each drug-treated group vs. vehicle-treated group (Dunnett's test, A, Welch's #test, B and C).
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3.2 PURFBRKIEMEMIRREICRT 27 r A% 7 4 K DP Z R EFEHEEOEH

PUR O K UEEZIZ LY, BALF FO4EEK, ~ 27 v 77— « BERES O ERE T A 81
BHKERTR & el U CARICHIN L=, BALF O FEREU IR EREL D4 10 5 ThH - 7= (Fig.
12), S-5751 1% 10 mg/kg O 512 L > T BALF T OHRBERS I N~ 27 7 — « RO
WA A ZICHH L, 100 mgkg O EGIC &L - T, gk, ks IOt~ 2r 77— - HER
O Z2 A BIZHH Lz (Fig. 12A, DB XOG), F£7-. pinagladin 100 mg/kg OO H- 1
[FIEEIZ BALF HOGFERER, fF HERE L O~ 7 v 7 7 — ¥ - FLERO BN 2 A7 B A4l L7z (Fig. 12B,
E B XWUH), —J. prednisolone 3 mg/kg T BALF 1 OAFFEER DN A A R\ HNH L7223, 4F
FERDHIINZ I L 22 2v o 72 (Fig. 12C 8L D, 723, prednisolone iX BALF 1~ 27 1~

7— - HERKO#EIICR L CiE, #filEm 2 Lz (Fig. 12F),

A Eosinophils B Eosinophils C Eosinophils
0.4 _ P<0.01 N
P<0.01 0.4 — 0.4 P<0.01

o
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o
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o
w

o
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L
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L

Cell number (x 106 cells/animal)
g

Cell number (x 108 cells/animal)
(=]
N

Cell number (x 10 cells/animal)
o
N

(=]
(=]

saline V 1 10 100 saline VvV  pinagladin saline V  prednisolone

T —— challenge 100 mg/k
challenge S-5751 (mg/kg) g g/kg challenge 3 mg/kg

Macrophages/ Monocytes Macrophages/ Monocytes Macrophages/ Monocytes
P<0.01

1.0 —— 1.2 P<0.01 1.0
— ! = T —
£ g £
£08 £10 £ 08
& ) &
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0 0.6 o © 0.6
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o 0 o
E g04 E
20.2 2 2 02
3 502 3
Q [$] o

saline 1 10 100 saline pinagladin saline prednisolone
challenge S-5751 (mglkg) challenge 100 mg/kg challenge 3 mg/kg
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@
I

. I
Neutrophils Neutrophils Neutrophils

A.0¢ P<0.01 4.0 P<0.01 401 P<0.01

| 1

11%

33%

Cell number (x 10 cells/animal)
N
o
Cell number (x 106 cells/animal)

Cell number (x 10¢ cells/animal)

saline V 1 10 100 saline Vv pinagladin saline V  prednisolone

e — challenge 100 ma/k
challenge S-5751 (mg/kg) g g/kg challenge 3 mg/kyg

Fig. 12  Effects of prostanoid DP receptor antagonists and prednisolone on infiltration of
inflammatory cells in lung in a rat asthma model

The bronchial alveolar lavage fluids were collected 24 h after the last challenge. The number
of various cells in bronchial alveolar lavage fluids was microscopically counted. S-5751 (A, D
and G) and pinagladin (B, E and H) were administered orally three times a day for 8 days.
Prednisolone (C, F and I) was administered orally once a day for 8 days. Number of
eosinophils (A, B and C), macrophages/monocytes (D, E and F), and neutrophils (G, H and I) is
shown. Each value represents the mean + S.E.M. of 8 animals (S-5751), 5 (saline group)- 7
animals (pinagladin), and 9 (saline group)- 10 animals (prednisolone). V: vehicle control. *,
p<0.05 and **, p<0.01 for each drug-treated group vs. vehicle-treated group (Dunnett's test, A,
D and G, Welch's #test, B, C, E, F, H and ).
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3.3 RUHIZBU DR WNI RS TH T 1 2% ) A K DP SZAEMHEHEERO/EH

PUR ORI L EFEIZ L Y, BALF 0 mucin EI3/EFAHKRTE & ik L CHEICEML
7= (Fig. 13A.B B X' C), Fig. 13A B L OB 12777 & 912,8-5751 (10 mg/kg F L U* 100 mg/kg)
B X O pinagladin (100 mg/kg) (% BALF H1® mucin DM %A ZIZHHI L=, —J5. 3 mg/kg

@ prednisolone |% BALF H1® mucin O#I1% 0 L7225 7= (Fig. 13C),

A B C

35_ P<0.01 i
— 60

P<0.01 40,
17%

P<0.01

33%
T a6%

Fk

Mucin (pg/ml)
Mucin (pg/ml)
Mucin (pg/mil)

10|

saline 1 10 100 (mg/kg) saline V  pinagladin saline V  prednisolone
challenge §-5751 challenge 100 mg/kg challenge 3 mg/kg

Fig. 13  Effects of prostanoid DP receptor antagonists and prednisolone on mucus secretion
in lung in a rat asthma model

The bronchial alveolar lavage fluids were collected 24 h after the last challenge. The volume
of mucin in bronchial alveolar lavage fluids was measured by enzyme linked assay system.
S-5751 (A) and pinagladin (B) were administered orally three times a day for 8 days.
Prednisolone (C) was administered orally once a day for 8 days. Each value represents the
mean + S.E.M. of 8 animals (S-5751), 5 (saline group) - 7 animals (pinagladin), and 5 animals
(prednisolone). V: vehicle control. *, p<0.05 and **, p<0.01 for each drug-treated group vs.

vehicle-treated group (Dunnett's test or Welch's #test).

50



3.4 PUREBBIZELDMOY A A BT ED A > mRNA BIBTEIZKT 5 DP 28K+
FLEDOTEH]

PUROM Y K LZFRIZ LY. Mo interleukin (IL) -4, interferon (IFN) -y, IL-1B. IL-6,
CCL (CC Chemokine Ligand) 11 (eotaxin) 35 2 U8 CXCL (CXC Chemokine Ligand) 1 (GRO-a)
mRNA ORBLT A BIEK R & ik U CTHEICLE L7 (Fig. 14) . 3 mg/kg @ prednisolone
1% IL-4 3 X O CCL11 mRNA OFBLTHEL A EITHH L7225, 100 mg/kg @ pinagladin (37|
L7ginoT= (Fig. 14A B L UYC), —J. 100 mg/kg ® pinagladin % IL-1B, IL-6 3 L U CXCL1
mRNA O3 THE 2 A B ] L7223, prednisolone 1% Z 41 5 OF BT 2 ] L 720> - 7= (Fig.
14D, E B XL UF), IFN-y mRNA ORFITHE TV T OEMIC L > THmifil sz -7 (Fig.

14B),
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A B
IL-4 IFN-y C CCL11(Eotaxin)
12 5 P<0.01
1
10 4

-]
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(fold of control)
(-]

N

~

Relative expression
(fold of control)

vehicle pinagladin prednisolone

w

N

Relative expression
(fold of control)

-

o

saline vehicle pinagladin prednisolone

saline vehicle pinagladin prednisolone saline
challenge 100mg/kg 3mglkg challenge 100mgikg 3mgikg challenge 100mg/kg 3mglkg
D IL-1B E IL-6 F CXCL1(GRO-a)
10 P<0.01 80 30 P<0.01
r —
25
60

Relative expression
(fold of control)

Relative expression
(fold of control)
(%] o
(=] =]

o

Relative expression
(fold of control)
o o N
(=] (3] (=]

3]

o

vehicle pinagladin prednisolone

saline

saline vehicle pinagladin prednisolone saline vehicle pinagladin prednisolone
challenge 100mgikg  3mglkg challenge 100mgikg  3mglkg challenge 100mgkg  3mglkg
Fig. 14  Effects of pinagladin and prednisolone on production of cytokine and chemokine

mRNA in lungs from a rat asthma model

The lung specimens were isolated 6 h after the last challenge. Cytokine and chemokine mRNA
was detected by a real-time PCR system. Pinagladin was administered orally three times a
day for 8 days. Prednisolone was administered orally once a day for 8 days. Data of IL-4 (A),
IFN-y (B), CCL11 (C), IL-18 (D), IL-6 (E) and CXCL1 (F) are shown. Each value represents
the mean + S.E.M. of 4 animals. *, p<0.05 and **, p<0.01 for each drug-treated group vs.
vehicle-treated group (Welch's #test).
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35 Ty hOMIZHEIT LT v AL ) A F DP RO FEBRHT

7 v FOCRIT LT A% ) A R DP %451k mRNA O FRfE% ISH I THET L7z, BRI
KBEBREICBW I T 0 A ) 4 FZEME mRNA ORBIXIFE A CBEIN o7 (Fig.
15A) 23, HURBREIIZIH W LM I L OMRE SRR RET 2 iRBEMc e 22 /A K
DP A ROFREN B bivlz (Fig. 16B), ©D&EIZ, F'v X% /A N DP Z&KD ISH Juf & %
FEARRRA B D Wb PR D e Bl L 0 . e A% ) A K DP SRRSO [FE %
R, TORR, Tux% A K DP ZHFEEOFEBIHMILO 86%I1% ED-1 ko~ ra > 7 —v
HDHWTHERTH - 7= (Fig. 15C), F7=. 4.9%I% chromotrope 2R BHPEDIFEEER T - 7= (Fig.
15D), —J. ED-1 MR 557 a2 % /4 K DP ZHEEBEMIEOE AT 18.2%,

chromotrope 2R [GMEHIRIC 5805 71 2% 7 A K DP ARG HEMOEES1X 1.6% Th - 7=,
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Saline OVA

1001m -100pm

DP ISH + ED1 IHC DP ISH + Chromotrope2R

Fig. 15 Rat prostanoid DP receptor mRNA expression in the lung of ovalbumin-induced
asthma model and identification of rat prostanoid DP receptor mRNA expressing cells

Prostanoid DP receptor mRNA was detected by in situ hybridization (ISH). Representative
lung images were obtained by applying antisense probe from three ovalbumin-exposed rats
(B) and three normal control rats treated with saline (A). The dark-brownish color signals
developed with diaminobenzidine show prostanoid DP receptor mRNA. To identify the type of
cells expressing prostanoid DP receptor mRNA, ISH/IHC (immunohistochemistry) double
staining or ISH/chromotrope 2R histochemistry were performed. The dark-blue color signals
developed with NBT (4-nitro-blue tetrazolium chloride) /BCIP (5-Bromo-4-chloro-3 -indolyl
phosphate) were prostanoid DP receptor mRNA, and dark-brownish color signals developed
with DAB (3,3'-Diamino Benzidine) substrate were macrophage/monocyte positive for ED-1
antibody THC (C) or eosinophils positive for chromotrope 2R histochemistry (D). Arrows
indicate a typical double-positive cell with both the prostanoid DP receptor ISH and

chromotrope 2R histochemistry.
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3.6 MEBHEOMICEBITAL T a2 ) A RN DP ZKEDIREBMAT
Z v b EFERICE MfilcB T 27 a2 % ) A4 K DP ZRIEORBRMGIT21T-7-, £7. H&E
Yet |2 kv | fEE G E R OMMIEREAE RS L2 L 2 A, MR RE I OIS S E I 5 )

IRRGERRAE KOE TR O IER 3 X ORIEMEMIIR ORIM 23589 & 117z (Fig. 16A B X U'D), £ 7=,

'.|=

i R ORI BV T MO IRE & RAEMEHINOIZE 80 bz (Fig. 16BEB X OVE),
Tu x4 ) A K DP ZARTNEEFEMOKESJEE (IR eny) BROMEE (Fig.
16F) (23R L= SEMEMIaIc s W T E S /@ iiic sy ide< Bl s nz2 - 7= (Fig.
160C), RERFFEDIZE A EDT B R E ) A4 R DP ZHEEGMEMAL~ v 77— H0NT
BRI Cdh o 7= (Fig. 16F), & 95 14 0Ok EBRE OB TH 7 e 2% ) A4 R DP 2%

KOFB AL = BIFFREKETH o 72 (IR S 7220,

Peribronchiolar Lung parenchyma Human DP

Normal

Asthma

Fig. 16 Morphopathology/prostanoid DP receptor immunohistochemistry in human
asthmatic lung

Peribronchiolar and parenchyma in normal (A and B) and asthmatic lungs (D and E) were
stained by H&E. The lung tissues in normal (C) and asthmatic (F) were also immunostained
with anti-prostanoid DP receptor monoclonal antibody. The positive signals were detected as
diaminobenzidine deposits of dark-brownish color, and the nuclei were counterstained with

methyl green. Bar indicates 50 pm.
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ARETIE, 7 v FOERIGEETTLEZHNTTr 24 /A K DP ZAEEHEKO i E1EH
% . prednisolone M Zi & EMRF L7z, RET/MCENT, PURBERHR, HMBEROZENHE
I L7278, SR ERORIZ X 0 BEEICRO b, S I, ilckiF 5 IL-4 B XU CCL11
DEIRTh2 YA FHA L BIORTZEDA > mRNA OH72 59, IL-18, IL-6 3 L CXCL1 &
KO BRRIEVEY A b A BLOTEIA 2 mRNA OBBUEINL RO iz, 20O X 5 ke
1, EERIZ IS 2 BIE OB MR B O BRI 0 X 5 Z2IEBEO BB I 5 1677, R
TaA i, BROICKEIRBE 1879 4FERERES JOVT Mifd 69 028, Th2 A kA U pEE
69 33 K OUFEEER DA77 80 Z 452 23, AR ERIZEIC )T L TR 2R g0 80 Z & i &
NTW5D, AKEFHZFBW TS, prednisolone D#f H & G- 13 XGESSMED U, KB ~DAFIRERR:
. iilcdsiT 2 IL-4 3 L OV CCL11 mRNA OFBUHEMN A A B ITHHI L7223, KGE~D4f HERIZ T
I E A EMEI LD o7z, LIZhi> T, IGREDHEY T 1 7 7 A VOBLENG b ARET VITE
KRBT 2, — . v A ¥ A4 R DP ZAREHEHKITRERBER L OSE~ D42
BRI 2 B AFAI D> A ZISHEI L, 100 mg/kg @ S-5751 3 X 1) pinagladin (% prednisolone
3 mg/kg SNFIEFEFEE O IEE R Lz, 2 b OFRIL, Matsuoka 5D 7' 1A% /A K DP
SREKE~ T A E TR R 0 L BT 5, SHIT, TR AKX /A K DP ZEREHEEIL
prednisolone & 35720 | AFFERORBEZAEICHH L, ZO/RRIT, H3EIIBITLHEY Y

DOEBRIEETT L AW BatofER E &L T b,

SUE S RN 1T DAFRRER OB G-I 2 Hem A ST % 82 3 RAE SR A~ O hER DB -
TR L 725 TRV, LALARR D, 1BMERG RISV T AFBRER IS K OMFH ER O BE N3 KGE P

FEDIRIETH 5 forced expiratory volume in 1 second (FEV1) O T & ZEHUMNE L 7= FHEI RS
BREGTDHZERHME SN TS B8V, F7-, Little Hi%, A7 04 RIGRICK > Tl#E SN2
o T KB PAZER KGE OAF P BRI ORREE LB T2 Z L AR LTV D 87V, TS DORRND
BI3EBIOARETRLET B RY /A N DP AT IOKGE A B EMEIER X, SR
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HRKGEAZEOIENZ D2 E bHDICEAE L TWnWH B2 bd, AT rA RERRDLIN
SOOI T 77 7 A, BT IRIEREZ RAET D TREME AR LTV D,

ARFHNZEBN T, KTEOHIK WS T m A% ) 4 R DP ZFEFEHIKIC L > THEKRFN»D
AEICHHI SN2, AT A RTIREE A EIHI 203> T, KABRIE O M T 53 A8
BRBHMEONHED X 5 72a b — /Lo R 2 B EE T8I S, B2y <0E A ZERX0E
WEMEOFK L 725 Z ERBESHTNE 8, LEaNoT, FuRY /A R DP ZEEEHEEN
AT A REFRRLZEN T 77 ANERELTNDZERHLNTHY, W IRRICH 72
MEzALTWDHLEEZBND,

ARFHZBNT, 7 v FOERIKGEET VB LOWEBEEICBIT 57 e A% ) A RDP %
RIEBMN O KRE TR~ 7 07 7 =R ThH o7z, v 7 v 7 7 — U PHEKIT IL-18.IL-6,
IL-8 72 EDORIEVEY A A VBEIONTENA VOEANTH S, SREIOBFHIBNT, 71
AH ) A4 K DP Z&EEEDIEIT prednisolone & (35720, Th2 ¥+ 74 B L CCL11
(eotaxin) mRNA FHRZH0H L7ein~72725, IL-18. IL-6 35 L U8 CXCL1 mRNA %3 240 L
72o CXCL1 IE58 ) 2t Ekife R 1 & LTabiuTung, F7z, doxycycline OFE5-1Z & - Tlhii
FERAIC IL-1BZIBEIRILT S N T AV =y 7/~ U R TR E~7 v 7 7 —VREEE S
i DRAE 2 FEBL L, KRB KT 5 8¢, 116 b~ U7 ADFEERMNGEET /L Tt BIZ BT D iE
WRBUCEG T 5 2 ENHEINTND 88, LEER-T, 7BAX /A K DP ZEMBFEIIKIZ
~/m 7y —URHIRICELD NG DRIENEY A N AV BXOT A OREAZIHIT S Z
LI L o THMEEH O 2 BT 2 /RN TR I D, ARG T, —HMoifriekiz s~
" AKX A R DP ZHEORBLZME Lz, Gervais 51X PGD: D7 1w 2% /A K DP &K%
IUTAERIZ LD GFRRERD BIEW 2T AR b — AR S, RN AEFIERE 5 2 & 2
EL Y, HBxOPHBFNICBN TS, 7B 2% ) A K DP AN TH % BW245C 12 &
D AFBRER DAEAFIER A, S-5751 DALEIZ Lo CHRABICHIHI SN D Z L 2R L TWD CRAEKD

BAE) e ZHHDFERING | AREHIIRIT 57 1 2% /) A K DP ZFKRIEHEHE D KB ~D IR kIR
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KO A 1 = X LD &b I, AFREERAEFIER OMEIER 235 LT 2 AlREME 3 R
b,

AIRFHZ I T, prednisolone 13+ 7 17 7 7 — U3 L OHLEKR ORI 2 54y B0 L7212 5>
b B, ficET 5 IL-1p, IL-6 3L CXCL1 O3IAME Lico7z, LER->T, <7
1 77— LOHEROZEIH EH 23\ T prednisolone & 7' 2% 7 A R DP S5 R4 H13E
TRROTEAD=ZALEZR LTS ZEPRBRIND,

LEDORHENS, v A% 7 A4 K DP ZHEFEHIEEIL prednisolone & (T R/p -T2 A =X L
TR & OKGE RG2S 2 FTREMEAVRIZ S D, FRICT m A% /A R DP S A KRIEHEHICR
5D AR ERIZEING], RIEVEY A N B A LB L OV A L RE AN K OSSR/ WM il /R
FATrA FTEEHEINRNZ END, ARBEREHIEIIAT oA F L3R - 7zinibiE z
AT DR H D, AT v A ROMNREEED 5 WVITMAE DR GIC L > TR S 5V IidH

R ZREM 2R AT E X 6D,
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F 5% PGD2IZ X2 b FHEHRMIEK THP-1 Ml 6D AT ¢ = — 2 —pEARRIERNT S5

FuRY ) A K DP EARHEOLE

—
=
]

FEIEBIVHEAEOL Y VELUT v FOFERNNGEET L E2HWEREHIRE W T, e X
4 )4 K DP ZEERETIIIKE~D~ 7 17 7 — V8 L OHERORMIZ Lol R 2
352 L&mLI, 2. 4 BB TE MORGEBE & FRINGEET VT v FOMIZEH
FH7a A% )4 K DP ZFEBEEMIAO KA NRME~ 707 7 —VHHWIEHEKTHD Z &
R Liz, LLRRDG, v7n7y—URHIRKIZBITL27m A% /A4 N DP B EROEENIH
HNETRS TN, v7 87 57— IEHERPHBEA~BIT L T LIZHilR TH 0 . FRICRIERE
IFHERDRIERFT~ZE L, flix OfilzZ 52 Tvra 7y =Dk d 2 2 835
NTW5, KETITE FHEEKRMIK TH 5 THP-1 Mz FAv, fx OV A S A v BLOrE

HA L DFEARIZHTHTr AL ) A K DP SZHEOEEN OV TRE LT,
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2. FEBMER XU

2.1 Wk LU
7raAH ) A KDPEZEEREDHK & L Cpinagladin 246/ L7-, £7-.PGD2(Sigma-Aldrich) .
1-methyl-3-(2-methylpropyl)-7H-purine-2,6-dione (IBMX. Sigma-Aldrich)., & U = B
> F tumor necrosis factor (TNF) -a (Peprotech EC., Margravine, London, UK) .
(459)-(3-[(3R,S)-3-cyclohexyl-3-hydroxypropyll-2,5-dioxo)-4-imidazolidineheptanoic acid
(BW245C, Cayman Chemicals, Michigan, USA). N-[2-(P-Bromocinnamylamino)-ethyl]-
5-isoquinoline sulfonamide (H89, FnYtffi#k) I X U dibutyryl cyclic AMP (db-cAMP,

Sigma-Aldrich) Zfff L7=,

2.2 MifarsE

bk EERHIIEE THP-1 #121X American Type Culture Collection 2> S HEA L CEHA L7z,
falxhs& A7 « 7 A (10% FCS, 10 mM HEPES, 1.0 mM L E VT U w7 A 0.05 mM 2-
ANHT hxH ) —, 100 Uml <=2V B 100 pg/ml A L7 h~A v EETe

RPMI1640) ' 37 ‘C, 5% CO2 DM FTHE L, 2~3 H Z &AM ZIT - 72,

2.3 FEBRIGIA
2.3.1 MR OFHEE &%

THP-1 {258 A 7 4 U AIZTFE S, 48 )N L — MZ 4 x 105 cells/well & 725 X 5123
L7z, &5H1C, THP-1 % 10 ng/ml ® TNF-a & ffix OJEED PGD: OHAET, 37 C. 5% CO2
A FaN—H—NT 24 BpfijEEE Lz, B BiGzBI L, Mix DY A F A BRI EIA
YOWEZET T, oy A M IA UBIOTEIA L OEAIZKETEY O BERFT 5
ABRIZ B Tld, pinagladin ¥ 721X H89 (T L 2 RiALE #1T - 72 10 43 . TNF-a & PGD2, BW245C
& 5\ % db-cAMP O3l & 17 - 7=,
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2.32 THP-1filad~7 7 2% /A K DP &k % I Lz cAMP & 7 L figh

THP-1 #ifla %k % 37 “CIZIME L7=#%. 0.5 mM @ IBMX ZiRM L. 5 A % 2~<—
L7z, &51Z, 10 uM @ pinagladin & 5 WNE AT ¢ 7 A THULE L, 10 431212 PGD2 & 5 WM&
BW245C Z s L7z, 10 34 > F 2 X— s L72%%., 1 N ® HCl Tt %451k L, 1.2%® Triton
X CHK Z A U 7o, 3G &R L, BiG T D cAMP 2 % cAMP femto 2 (Cisbio International)

THIE LT,

2.3.3 RTPCR £z M\ /= THP-1 Mifdicdi) 2 7' m A% /A | DP SRR OFEBUGR G

THP-1 #ifa 7> 5 TRIzol 383 (Invitrogen Life Technologies) % H VT total RNA Ol A 47
72, cDNA (¥ random hexamer 7 7 A v — L Wik EfEF & L T Superscript reverse
transcriptase III (Invitrogen Life Technologies) Z iV CH Rk L7z, & X417z ¢cDNA % Takara
Ex Taq (Takara Bio) &&Ffi~7" 7 A ~— (Table 6) % HW\CTLLF OGS THENE L=, 728,
Tru A4 ) A RDPEZFEERmRNARBOEEa L hr—L b LTTrR% ) A KDPZEREA

pcDNA3. 1+ 7 % — Z [FIEE D S T CTHIME L 7=,

®© 98 C. 1mpfxE 1127w
@ 98 C. 10 BfE]. 58 C. 45 ®f#. 72 C. 1 5% 40 A 7 v (FuAH /A4 K DP ZHFIK)
HHWNE 30 A 71 (B-actin)

® 72 C, 5mfE 1A 7

Table 6 Gene-specific primers for RT-PCR

Gene Forward Reverse
prostanoid
DP receptor 5-CTGGCTGCCTACGCTCAGA-3' 5-AGCCCAAAGAAGGACATGAAGA-3'

B'aCtin 5-CACGGCATCGTCACCAACT-3' 5-TGATCTGGGTCATCTTCTCGC-3'
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234 FuTA T LAIED THP-1 Ml b D% A MU A B IO EH A 2 EA DR
fiEtT

2.3.1 THT/R L= 5L Tl L7853 FiEF o IL-1B, IL-1 receptor antagonist (IL-1ra).
1L-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12p70, IL-13, IL-15, IL-17, eotaxin,
fibroblast growth factor (FGF) basic. granulocyte colony-stimulating factor (G-CSF),
granulocyte macrophage colony-stimulating factor ( GM-CSF ) . IFN-y . interferon
gamma-induced protein 10 (IP-10), monocyte chemotactic protein-1 (MCP-1), macrophage
inflammatory protein (MIP) -1a, MIP-1B. platelet-derived growth factor-bb (PDGF-bb) .
regulated upon activation normal T-cell expressed and secreted (RANTES). TNF-ai X
vascular endothelial growth factor (VEGF) (%, Bio-Plex Multiplex Human Cytokine 27-plex
Assay Kit 35 XUV Cytokine Reagent kit (Bio-rad Laboratories) % V>, Bio-Plex Suspension
Array System (Bio-rad Laboratories) T&E= L7z, 2%, ERHEEH D 95 TNF-alZ 2\ T
IR ORIR & L TR L TR Y . EETICHMNENM: TNF- a3 & £ D720, fERNLERSNL

7"7-
—o

2.3.5 ELISA (2 &% MCP-1 3 LUV IL-8 liE
2.3.1 TR L7 HIETHEIR LK #E BiEF o MCP-1 B LU IL-8 &% ELISA kit (R&D

systems) ZHWTHIE LT,

2.3.6 LAY

RRAR T CARMERRZE TR LT, AEEMET, 2 BEMILEIZIT Student’s ttest & 5T

Welch’s #test & FV>, ZREM EL#E 21T Dunnett’s test 2 W CiTo 72,
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3.1 THP-1 Ml 57 2 A% /A K DP SR EDOFELIS L OBEREAEAT

THP-1 #ifiicdsi) 27 m 2% ) A N DP ZHKROFEA R T 2 HT, v x4 /A K DP
ZAR mRNA BT & PGD2 I X DM S 7 A OB OW TR 21T > 72, THP-1
MR ITRREE X9V 7 1 2 H ) A R DP %2518 mRNA ORI bz (Fig. 17A), £7-.
THP-1 #fifa 2 PGD2 THIFLT 2 & A E 7RI cAMP OFEANTED LI, ZOFEAITTm AZ /)
A R DP Z LI CTh % pinagladin OFTLEIZ L - TrE2Icifl sz (Fig. 17B), =56
2, 7 m A% /A K DP ZBRERHIIE T 5 BW245C ORIIHIZ L - TH AR cAMP &

AEDGFRD AL, pinagladin ORIALEIC L > TR S 7z (Fig. 17C. K&EMT—4).,
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medium 10uM PGD, 10uM PGD,
10pM pinagladin
M: Marker (20 bp Marker) C
1: THP-1 cell (- RT) 5001
2: THP-1 cell ol
3: prostanoid DP receptor cDNA s
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o 300f
=
3
200f
100[ *
00

medium  10uM BW245¢  1OHMBW245C

10pM pinagladin

Fig. 17  Expression of mRNA and functional second signal for prostanoid DP receptor in
THP-1 cells

Expression of prostanoid DP receptor mRNA in THP-1 cells was determined by RT-PCR (A) in
the presence (lane 1) or absence (lane 2) of RT, using total RNA isolated from THP-1 cells. As a
positive control, prostanoid DP receptor cDNA inserted into vectors was amplified by PCR
(lane 3). Elevation of cAMP level after stimulation with PGD:, and its inhibition by
pinagladin were determined (B). THP-1 cells were stimulated by 10 pM PGDz for 10 min with
or without pre-treatment with 10 pM pinagladin. Each value represents means + S.E.M. of
three independent experiments. Significant differences were analyzed by Student's #test. #,
p<0.05 between vehicle-treatment and PGDz-treatment, *, p<0.05 and **, p<0.01 between

with and without pre-treatment with pinagladin.
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3.2 THP-1 fil@nooH A "4 BLOrEhA VEAICBITL A% /A4 K DP K
DR

THP-1 #ifaZ 10 uM @ PGD2 33 L U BW245C € 24 BEfIE L. VA b AA VBI O ED
A UDBPEAESNDDEDPRF LIz, 26 DY A N IA VBRI TENA L DOWTHIZHLHEER
PEARITREO DV iRinoTe (BUEIZIIRS 22, —J7, RIEVEY A MU A > TH % TNF-aT 24 Ff
A L= & 2 A, 26 FEET IL-5 38 X OV G-CSF Zr< 24 FHDOT A b HA LV BLOTEH A
COEEREAENRD BN (Fig. 18A), O X, TNF-aDfEE FIZ PGD:2 & %5\ & BW245C
THAN S D &, 26 FEFEH IL-8 B L MCP-1 O 200%LL LD & ) 7o AR T O b v

(Fig. 18B),

107 ~10pg/ml

] medium
TNF-a 10ng/ml

Cytokine (pg/ml)

ok

100 10pg/ml~100pg/ml 100pg/ml ~
800 [
= 80 =
E ok £
g 60t 2600}
-~ sk * p
g skk c
= o
_é adl *ok ’g 4001
© . 1%}
20r 200 |

ND: not detected
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Fig. 18  Production profiles of cytokines and chemokines in THP-1 cells induced by TNF-a
alone (A) and by costimulation with prostanoid DP activator and TNF-a (B)

THP-1 cells were stimulated by 10 pM PGD2 or 10 pM BW245C in the presence of 10 ng/ml
TNF-a. Cytokine and chemokine levels in the supernatants collected 24 h after each
stimulation were measured using a Bioplex assay kit. Each value represents the mean +
S.E.M. of 8 (A) and 3-4 (B) independent experiments. #, the value was calculated from values
of 2 independent experiments (B). Significant differences were analyzed by Student's #test. *,
p<0.05, *x, p<0.01 between vehicle and TNF-a-treatment (A). The relative percentage of
cytokine and chemokine production following control stimulation with TNF-a alone

(expressed as 100% production, n=3-4) was represented (B).
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3.3 PGD2iZ &% TNF-a#E MCP-1 FEAHRICEK T 57 m 2% ) A K DP A AKROREE
THP-1 #2238 T PGDe O EMAIIIC & 5 MCP-1 FEAICOWTHRF L7z & 25, 30 uM @
PGD:2 flFIC I\ T332 MCP-1 PEADENME M 23388 bz b O DF E Tide -7z (Fig.
19A, /N1 Z 1), —J5, 10 ng/ml ® TNF-o® BFMHL T, A&7 MCP-1 FEADHEMAFED &
iz, &5I2, THP-1 #ifa% TNF-aDfAE FICHE A OJEED PGD: THAIK L= 25, 3uM
B L 10uM D PGD: H4IC & » THE 72 MCP-1 pEAE DR RNED bz (Fig. 19A), PGD:
(2 &% MCP-1 BEAHRIEA O ECso fE1E 2.69 pM TdH-72, O XIZ, PGD2IZ k5 MCP-1 4
HRIERAN 7 1 A% 7 A4 K DP S BRIKGFHTH L0008 9 st 2 BH T, pinagladin 2 W
e FEREIT -T2, ZORF. 10 ng/ml O TNF-afF7E FiZ 3 uM @ PGDe THAiliH 3% & MCP-1
PEAEDEIR S 578, pinagladin D RIALE I X - THEKAFAIH 10 uM LL_Eo pinagladin @
MLE I X0 FEAICEH Sz (Fig. 19B), £ @ ICsofEi% 1.28 uM ThHo72, S HIZ, PGD2IZ
&% MCP-1 EAEDOHBIERIX, 7'm 2% ) A RREERAFIEEE TH 5 BW245C 2 VT H
FHL &N 72, Pinagladin 12 BW245C (2 & %5 MCP-1 sEASRIEM & IR BRI 5> 30 uM TiZ

E5EICHE L, ICso i1 5.79 uM ToHh -~ 7= (Fig. 19C B LW D),
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TNF-0. (10 ng/mi) e+ e+ s 0 ”0 ; ] 10 100
-20

pinagladin (uM)

Fig. 19  Effects of PGDz2 (A) or BW245C (C) on TNF-a-induced MCP-1 production and
inhibitory effects of pinagladin on the enhanced MCP-1 production by PGD:z (B) or BW245C
(D)

THP-1 cells were stimulated by various concentrations of PGD2 and BW245C in the presence
or absence of 10 ng/ml TNF-a (A and C). THP-1 cells pre-treated with various concentrations
of pinagladin were stimulated by 10 ng/ml TNF-a and 3 pM PGDz (B) or 0.8 uM BW245C (D).
MCP-1 levels in the supernatant collected 24 h after each stimulation were measured using
ELISA. Each value represents the mean = S.E.M. of 4-8 independent experiments (A and B,
n=7-8, C, n=5, D, n=4). Significant differences between vehicle and TNF-a stimulation were
analyzed by Student's #test ##, p<0.01), and between TNF-a stimulation and combined
stimulation with TNF-a and PGD2 or BW245C were analyzed by Dunnett's test (+, p<0.05, %,

p<0.01).

68



34 7mAH A K DP ZHFEKEI L= MCP-1 FEEAREIERIZEITS cAMP B XU protein
kinase A (PKA) 7 /L ko5

THP-1 fifa>~7 v A% /A K DP Z &K% N L= TNF-0i%E MCP-1 FEAOHTRIEM S, 7 0
28 ) A RDPZFKDOED R 7 FNThHD cAMP BLOED Tty 77V Th % PKA O
TEVEALE T 2028 5 Efat Uiz, THP-1 #ilda TNF-ofF7E FIZ cAMP 7 712/ Thd
db-cAMP THAIF L7=& 25, db-cAMP DOIRFEKFIIZ MCP-1 FEAETRIEH 25588 H v, 100
uM THELRRBBO b (Fig. 20A), SIS, ABEHRIEMIZX 2 PKA FLEAI H89 D1
RIZ oW TR L7258, PGD2 B8 L BW245C W7 1 A% J A K DP Z & RFRGEKIC
£ 5 MCP-1 EAOHRIEH b H-89 12 X » TIREKFHD>F B S 4172 (Fig. 20B 8 L O}

C)
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Fig. 20 Involvement of cAMP/PKA signaling in prostanoid DP receptor-dependent
enhancement of MCP-1 production

THP-1 cells were stimulated by several concentrations of db-cAMP in the presence of 10 ng/ml
TNF-a (A). The effect of H89 on TNF-a-induced MCP-1 production enhanced by PGDz (B) or
BW245C (C) in THP-1 cells was examined. THP-1 cells pre-treated with various
concentrations of H89 were stimulated with 10 ng/ml TNF-a and 3 ptM PGD2 (B) or 0.8 pM
BW245C. MCP-1 levels in the supernatants collected 24 h after each stimulation were
measured using ELISA. Each value represents the mean + S.E.M. of 8 independent
experiments (A, B and C). ##, p<0.01 between non-stimulated and TNF-a or db-cAMP
single-stimulated group by Student’s #test, **, p<0.01 vs. TNF-a single-stimulated group by
Dunnett’s test (A). 11, p<0.01 between TNF-a single-stimulated and TNF-a and PGDz (B) or
BW245C (C) costimulated group by Student’s #test, *, p<0.05, **, p<0.01 vs. TNF-a and PGD2
(B) or BW245C (C) costimulated group by Dunnett’s test (B and C).

70



3.5 PGD2IZ &% TNF-oi ¥ IL-8 FEADHRIEMICEIT 27 v A% /A K DP Z2F MG
7 F o5

THP-1 #ifd > PGD2 (2 & 5 TNF-oi58 1L-8 FEAOHTRIEHICIHB W TH, 7'r A% /A K DP
SR %E I LT cAMP/ PKA O 7 VR DSBG9 2 Ind A iedt L7z, Fig. 21A B LUV C (T
AT L HIZ, PGD2 2 L5 IL-8 FEAIESRIEH 1 pinagladin 35 X O H89 12 & » THEIZHIH] =41
72o £72. TNF-olZ & % IL-8 FEAE T db-cAMP DO HLHIFIZ L » THEICHEE I Lz (Fig. 21B),
L L7223 6, BW245C 12 K % TNF-oif 5 IL-8 FEAEHE SR EA X 100 uM @ pinagladin (2 X Y 5€
2 Stz (Fig. 21D) OZxt L, PGDz (2 X % 1L-8 FEAEMESEIE Rk 2 MdER IZBRE

BCTdhH-o7- (66.2%. Fig. 21A),
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Fig. 21  Enhancement of IL-8 production by activation of prostanoid DP receptor

Three effect of pinagladin on TNF-a-induced IL-8 production enhanced by PGD: (A) or
BW245C (D) was examined. THP-1cells pre-treated by 100 pM pinagladin were costimulated
with 10 ng/ml TNF-a and 3 pM PGD:2 (A) or 0.8 uM BW245C (D). Involvement of cAMP and
PKA in IL-8 production was also determined using db-cAMP (B) and H89 (C). THP-1 cells
were stimulated by 100 pM db-cAMP in the presence of 10 ng/ml TNF-a (B). H89 at 10 pM
was pre-treated following stimulation with 10 ng/ml TNF-a and 3uM PGD3 (C). IL-8 levels in
the supernatants collected 24h after each stimulation were measured using ELISA. Each
value represents the mean + S.E.M. of 4-8 independent experiments (A, n=4, B, n=8, C, n=7, D,
n=8). Significant differences were analyzed by Student's #test. ##, p<0.01 between vehicle
stimulation and TNF-a (A, B, C and D) or db-cAMP (B) stimulation, ff, p<0.01 between single
stimulation with TNF-a (A, C and D), PGDz (A) or BW245C (D) and combined stimulation
with TNF-a and PGD: (A and C) or BW245C (D), *, P<0.05, **, P<0.01 vs. combined
stimulation with TNF-a and PGD2 (A and C) or BW245C (D), **, P<0.01 vs. TNF-a alone (B).
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RIEICBT HHH T, b DHEERRMIRTH S THP-1 MR 7224 /4 K DP Z4A(A
mRNA ZFILLTWDH I L, PGD: HBWME T ZXH /A K DP ZHAKOBRIRAFNNE CH 5
BW245C OHIIKIZ L > TZHEKRO Ty 7V Th D cAMP O EFRNFE I, £ DIENZE
RHEHIHETH 5 pinagladin 1T & o THEAICHHI S22 & 225, THP-1 MuAERER 722 7 2 A
27 A4 RDPZHEEEHIL TNWDHZ ERHALNE ST,

ARFHZ VT, THP- 1l 2 PGD2d» 2\ iIBW245C CHIBA L, 2482 0 B o1 b
HAVBEIORTENAL ATONTRILIZEZ A, WFROVA SO U BIOTENA DR
EHBO N7, £ T, TNF-afilf e L > TEAINAY A NIA VBIOTFEDA
W29 D7 e A% ) A4 RDPZEEROEENZ DOV THRE Lz, TNF-ol il /) 72 ZHERESRIEMEY 1 b
A THY RIERFNCEB O TR, ~7 a7 7 —U7k EOMINOLEASN D, B 88,
TLAX—PERRSD R E DT LVX R, OO 72 RIEVESR B OJR BRI H 22 45 E
ZELUDZEDMBNTND, iz, RIEMHEMIZTNF-a THIBT 2 &fEix DA M A B X
BTN A UPRFEAS DY KRFHIB W TS, TNF-ofil% L v . THP- LRI L7z
26FEAH24FEIAD Y A NI A VB X OV A U EFEA LT, BEBRENZ L0, THP-1/l %
TNF-0D{F(E FTF 1 A% ) A RDPZ AR & LiliE+ 5 & INF-afilifiic k- TR S
L24FIADY A I A L BLIORTEIA D H B, MCP-136 L OIL-8DPEA D 7358 < HHIE X
2o 2D 55, TNF-all £ 5MCP-1#41XPGDed 5 W ZBW245CIT L - CTHERIFAICHY R S
. OFEAMEIRIIpinagladin O HTALEIZ K > TIREHRFRI N DERICIfl Sz, b, Z
DT v AL ) A RDPZEEHIEHRIC L 5 TNF-oiEMCP- 1A H5REA X, TNF-a & cAMPO 7
F 7T D db-cAMPOILAIHIC K » THELS W, PKAFEAITH 2H-89I1C L v AEICHHI S
722 &, cAMP /| PRAD U 7S VR AN L T8 s b Z E LN E ooz, Fiz,
TNF-aZ & HIL-87EEIZBW245CIC & 0 R EHKAFRNTHIIR S (BAEIZ 3R S 70 | T OREA
s lIpinagladin OFTALELZ X 0 FERITHH| S iz, Lo L, PGD2IZ L AIL-8pEAHESRIT100 uM
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DI DOpinagladin O ALE (Z K - T H FERUATITHNH S 4178035 72, PGD2IZ & 5 TNF-of5 5 1L-8
DOPEARRIEA L. db-cAMP & TNF-ad $EHlIKIZ X > THEBLS 11, H-89DRIALE I L » THEIC
Ml ShizZ enb, T AH ) A RDPZAKREZ I L7-cAMP / PRARKBE B G- L T\ 5 Z L
50 ThD, —J7, PGD2AC L DIL-8EEAMIR A 1 = X AL T 7 AKX ) A RDPZEMIERALT
(7R IR BE A FIES D ATREME HoRI2 S5, FEBE. Chiba bIX5GE EREMIRIZI VT, PGD2OFINK
NCRTH2EB L O"Fu A% /A RDPZEKRTII R VAR OGIHEAZ K% M L CIL-SIEAZ 7
Y52 EaRLTND2, S 52 PCDORHFEY D 1 > Th % 15-deoxy-A1214-PGJ2 H THP-1
#MAY 2 35 T peroxysome proliferator-activated receptor gamma (PPAR-y) % /" L CTIL-8
mRNARBLZFHET 5 Z &N WE SN TNDH%
REIZBITDRHOFE RS, PGDeD 7 1t 2% ) A RDPZ A% L7~ TNF-a#fEMCP-1
B L OTL-8FEABIR DO IZCAMP /| PRADO YV 7 FIUREE L TWAS Z LIFH LN TH LN, £
NEABED 3 A = A LEFABTH S, 7 LW R & 202, THP- T OTNF-ak L O
PGD2AEHR%IZ X 5. MCP-1 mRNADFEUEIRIZ, #25 K1 Ch HNF-«BOBENBITHNEET 2
INE R LTz, THP-1#0 % TNF-a CHRI T % & NF-xBOZNBATABIE SNTZ03, 2O
BATIZPGD CHAB L TH IR S Aoz, LIEi> T, T m A%/ FRDPREEKE LT
MCP-1DFEAE S REHE O IEF siE, NF-«BOBNBITH# TH 545, MCP-1 mRNADHRE X U i
ThHsEHMENS, Jaramillobld~ T 2D~ 7 1 7 7 — R Z AV, HoOflli41C X %
MCP-1# s T #551EINF-xB, activator protein (AP) -13 & (*cAMP-dependent cAMP response
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Fig. 22 Hypothetical model of MCP-1 and IL-8 produced by combined stimulation with
PGD2 and TNF-a in THP-1 cells

Following stimulation of prostanoid DP receptor, the cAMP/PKA pathway was activated.
TNF-a might activate NF-xB and AP-1, and PGD2 might activate CREB via cAMP/PKA
pathway. The formation of complex of these three transcription factors might induce

synergistic production of MCP-1 and IL-8.
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7296 T HOMCP-1EAMBIENABO e (BAEICITRSRY) o LEeR-T, T exz /A

RFDPEZ A Z A L7=MCP-10 AR 8/E L, THP-LIZEA OIS TIERWZ &, £7-. TNF-a
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AHR : airway hyperresponsiveness

AP-1 : activator protein 1

AUC : area under the curve

BALF : bronchial alveolar lavage fluids

cAMP : cyclic adenosine monophosphate

CREB : cAMP response element binding protein

CRTH2 : chemoattractant receptor homologous molecule expressed on T-helper
type 2 cells

CysLTs : cysteinyl leukotirienes

DAB : 3,3'-diaminobenzidine tetrahydrochloride

EAR : early airway response

FEV: : forced expiratory volume in one second

FGF : fibroblast growth factor

G-CSF : granulocyte colony-stimulating factor

GM-CSF : granulocyte macrophage colony-stimulating factor

H&E : hematoxylin & eosin

1Cs0 : 50% inhibition concentration

IL : interleukin

INF-y : interferon-gamma

IP-10 : interferon gamma-induced protein 10

ISH : in situ hybridization

Ki : inhibition constant

LAR : late airway response
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LT : leukotriene

MIP-1 : macrophage inflammatory protein-1
NF-«B : nuclear factor-kappaB

PG : prostaglandin

TXAg : thromboxane Az

mRNA : messenger ribonucleic acid

MCP-1 : monocyte chemoattractant protein-1
PAF : platelet activating factor

PBS : phosphate-buffered saline

PCuaoo : provocative dose causing a 400% increase
PDGF-bb : platelet-derived growth factor-bb
PKA : protein kinase A

PLA: : phospho lipase A2

RANTES : regulated upon activation normal T-cell expressed and secreted
RL : mean pulmonary flow resistance

Th : T helper

TNF-o : tumor necrosis factor-alpha
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