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Protease-activated receptors (PARs), a family of G-protein-coupled seven-transmembrane-domain receptors, are
activated by proteolytic unmasking of the N-terminal cryptic tethered ligand by certain serine proteases. Among four
PAR family members cloned to date, PAR-1, PAR-2, and PAR-4 can also be activated through a non-enzymatic
mechanism, which is achieved by direct binding of exogenously applied synthetic peptides based on the tethered ligand
sequence, known as PARs-activating peptides, to the body of the receptor. Various peptide mimetics have been synthe-
sized as agonists for PARs with improved potency, selectivity, and stability. Some peptide mimetics and/or nonpeptide
compounds have also been developed as antagonists for PAR-1 and PAR-4. PARs are widely distributed in the mam-
malian body, especially throughout the alimentary systems, and play various roles in physiological/pathophysiological
conditions, i.e., modulation of salivary, gastric, or pancreatic glandular exocrine secretion, gastrointestinal smooth
muscle motility, gastric mucosal cytoprotection, suppression/facilitation of visceral pain and inflammation, etc. Thus
PARs are now considered novel therapeutic targets, and development of selective agonists and/or antagonists for PARs

might provide a novel strategy for the treatment of various diseases that are resistant to current therapeutics.
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PAR-2 I hO > E>TIEERILINT, MU T



492 Vol. 125 (2005)

Protease-activated receptor-1 (PAR-1)

PAR-1-activating peptide
Thromb n e |.|2N_--NH2

Hirudin-like domain

Enzymatic
activation

HOOC

g '

Thromb

PAR-1-activating
peptide

Cell
signaling

Fig. 1. Activation Mechanisms for Human Protease-Activated Receptor (PAR)-1
PAR-1 is activated by thrombin (enzymatic activation) and by the synthetic PAR-1-activating peptide based on the tethered ligand sequence of the receptor
(non-enzymatic activation) . Thrombin binds to the hirudin-like domain of PAR-1 and cleaves the N-terminus of PAR-1 at Arg*'/Ser*?, exposing the tethered ligand

(SFLLR).

>, N Ty —E, mkEESE Vila, Xa KT, &
MALEFRERERO T 077 —F 3 RREMEA LY >
Jary—t1, WAEHOK FICHEET Sy 70>
DI EITXVIEE{EI NS (Table 1), 281014717 |
1) 7' 213 PAR-2 /Z1F T72 < PAR-1 U PAR-4
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3. 4kM4D PARs FHLTSOTFT7—F
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@ PAR-1 & PAR-4, [OFE EEMAE D PAR-1 &
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4. PARs FHERTFE
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w7 A/Z v k PAR-1 H}k~X7F KD SFFLR-NH,
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Table 1. Tethered Ligand Sequences and Activating or Inactivating Proteases for PARs
PAR-1 PAR-2 PAR-3 PAR+4
Activating Arg*l/Ser#? Arg36/Ser37 Lys3/Thr3® Arg?/Gly*

cleavage site

Tethered ligand

SFLLR (human)

SLIGKV (human)

TFRGAP (human)

GYPGQV (human)

sequences SFFLR (mouse/rat) SLIGRL (mouse/rat) SFNGGP (mouse) GYPGKF (mouse)
Endogenous Thrombin Trypsin Thrombin Thrombin
activating Trypsin Tryptase Trypsin
proteases Factor Xa Factor Vlla Factor Vlla
Factor Xa Factor Xa
Proteinase 3 Cathepsin G
Trypsin IV Plasmin
Membrane-type Trypsin IV
serine protease 1
Acrosin
Exogenous Gingipains-R Mite allergen Der p3 Gingipains-R
activating Mite allergen Der p9
proteases Mite allergen Der pl
Gingipains-R
Cockroach protease
Major Platelet Kidney, C-fiber, skin, Platelet Platelet
distribution (human/guinea pig), gingiva, salivary (mouse/rat/rabbit) (human/guinea
kidney, brain, glands, stomach, pig/mouse/rat) ,
gingiva, esophageal small intestine, esophageal
muscularis mucosa, colon, pancreas muscularis mucosa,
stomach, small colon

intestine, colon

FRELTALSFHEINTNS, 2129

PAR-2 iE ML X7 F R @ SLIGKV (b ~#),
SLIGRL (XU Z/Z v b 30§ hd PAR-2 /2
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ZAZZANDOMEZRLTWS, 128, PAR2 &

H5WETPARBICHTZHY >H T AMNIDNTIE
GDETA TR ERTBDIEFHRESN TV
v,
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i FNZ40.02 uM K O)0.11 uM D ICs, fili TRHE
95,2620 JEXTF REPAR-1 7 > IZA D
FR171113 % O% SCH79797 i& (Fig. 2(B)), #h %
1 ICso fl 0.15 uM K T8 0.07 um T PAR-1 i& AL R
TF RICEK D M/IMREEED D W IE b NI/ I
9% PAR-1{EHEXR T F ROEG 2 HET 5. 2829

PAR4 OXRTF R > H¥T=ZZAMELTN-
trans-cinnamoyl-YPGKF-NH, 73,30 JE X 7 F R {
FOAAZARNELTYD3I W EFEINTNDS
(Figs. 2(C) and 2(D)) . N-trans-cinnamoyl-YPGKF-
NH, 1% PAR-4 {EHEL X T F RIZL S T v B ifil/IMER
B Z 400 uM OIRETHET 5.0 —7, YD-3 13
PAR4 IEHAE R T F RITXK b b b/ EE %
ICs fiE 0.13 uM TRHET 5. 3D
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A) Peptide antagonists for PAR-1
BMS-200261
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C) Peptide antagonist for PAR4
N-trans-cinnamoyl-YPGKF-NH,

o}

O/\)‘\ Tyr—Pro—Gly—Lys—Phe—NH,

B) Non-peptide antagonists for PAR-1
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CI

Cl /k

Foalk

D) Non-peptide antagonist for PAR-4
YD-3 CO,Et

|
N/N

Fig. 2. Structures of Peptide and Non-peptide Antagonists for PAR-1 and PAR-4

BMS-200261: N-trans-cinnamoyl-para-fluorophenylalanine- para-guanidinophenylalanine-Leu-Arg-Arg-NH,, RWJ-58259: (aS)-N-[(1S)-3-amino-1-
[ [ (phenylmethyl) -amino ] carbonyl ] propyl] -a- [ 1- (2,6-dichlorophenyl) methyl] -3- (1-pyrrolidinylmethyl) -1H-indazol-6-yl ] amino ] carbonyl] amino ] -3,4-
difluorobenzenepropanamide, SCH79797: (N3-cyclopropyl-7-{[4-(1-methylethyl) phenyl] methyl} -7H-pyrrolo [3,2-f] quinazoline-1,3-diamine, FR171113: 3-(4-
chlorophenyl) -2- (2,4-dichlorobenzoylimino) -5- (methoxycarbonylmethylene) -1,3-thiazolidin-4-one, YD-3: [1-benzyl-3 (ethoxycarbonylphenyl) -indazole] .

254/ b=IV=UCBROPY IV U0 —
IWDOFEETH 5. 512 PAR-1 13, Mm%ﬁbt%%
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DEHYTINLTNDEZEINRINTVED, T
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%, 91

OEENICB W THEERE (H TR, & iR, ST
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IIRIMIE Z 57N, 439 T2 b MO EEM
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7525 TW5. 1D PAR-1 KU PAR-2 iEME(L R T F R
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T, PAR-1 TRARETOZS /1 ROBESHR
XN TWSA, PAR-2 247 LGN RD A A
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SHBDIEHE S 5 E i g, 404D

kb b Bl Tlx, PAR-1 XU PAR-2 D7 I
ZANIHEEDAF > N T AR—F —DiEHLE
Fl&EH 2 9. 24 F /= PAR-1 KU PAR-2 {H LR
TF ROEBNEGIIREERZEL SR,
PAR-1 2t L 72 K CIE T 3R b — 2 Z O,
PAR-2 2 L /=B ICIE—E{LEE (NO) KUH
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Salivary glands |

%, 449 31T, PAR-2 WEVEALDSHE G 98 D F6 A8 & il
TEHEVWOWMEDDH D, O FEHRIEITHIT S PAR-2
DERENIEMTD 5.

PAR-1, PAR-2 % O) PAR-4 |38 5 AT H A
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ZAARIEVEALIT & 2 I SO T L BB ALK 1
Ca?t F v )L DIEMEAL D BE VR EYE D 5
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M, AERSOSIIE T N M K F v RV OIE
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9 5. 11355 PAR-2 N LT 2 5 —Y ik
I, NOMW—EEG L Cnwad, hrd1 >
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%).35)

b N HSROB 2 I b Rk (B, B
¥, FEIB¥E7RE) TIX, PAR-1H 50T PAR2 D
FPBWMMAED 5N TNS. 350 Zn 5 bR
FEMIAIC BT % PAR-1 © PAR-2 O LiZ,

Parotitis (PAR-2 antagonists)
Sjégren's syndrome (PAR-2 agonists)

Gingivitis (PAR-1 and PAR-4 antagonists)

Gastric ulcer (PAR-1 and PAR-2 agonists)
Gastritis (PAR-1 and PAR-2 agonists)

Pancreatitis (PAR-2 agonists)

Gastrointestinal tract |

Colitis

(PAR-2 agonists)
(PAR-1, PAR-2 and PAR-4 antagonists)

Lf Abnormality of motility including ileus
Enteritis (PAR-2 agonists and antagonists)

(PAR-2 agonists)
(PAR-1, PAR-2 and PAR-4 antagonists)

\_Cancer (PAR-1 and PAR-2 antagonists)

Fig. 3. Possible Therapeutic Targets of Agonists and Antagonists for Proteinase—Activated Receptors in the Digestive System
Diseases are underlined and possibly therapeutic agonists/antagonists for PARs are shown in parentheses.
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AR RS REIR R AR AR E TITbN b DT
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BILHEL B ET. £, RBREfTo LR HE
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WAL ET.
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