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The protease-activated receptor (PAR) is the family of G protein-coupled, seven transmembrane domain receptors,
currently consisting of four members, PARs 1-4. The activation of PARs occurs by proteolytic unmasking of the N-ter-
minal cryptic receptor-activating tethered ligand. In the past decade since the cloning of PAR-1, physiological roles that
PARs play have been gradually understood and are now considered extremely extensive and important. This review
describes physiological and/or pathophysiological roles of PARs in the circulatory, digestive, respiratory and central
nervous systems, on the basis of our works and of those achieved by other research groups. The future perspective of

studies on PARs is also discussed, focusing on the possibility of clinical application of PAR-targeted drugs.
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Table 1. Agonist Enzymes and N-Terminal Cryptic Receptor-
Activating Sequences for PARs

. Receptor-activating
Receptor Agonist enzymes

sequences (species)

PAR-1 Thrombin, trypsin (at SFLLRN---(human)
high conc.) TFRIFD--(frog)

PAR-2  Trypsin, tryptase, fac- SLIGKV:--(human)
tor VIIa/tissue factor, SLIGRL
factor Xa

PAR-3  Thrombin

---(mouse, rat)

TFRGAP:--(human)
SFNGGP:--(mouse)

GYPGQV:--(human)
GYPGKF---(mouse)

PAR-4 Thrombin, trypsin,
cathepsin G

)
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Fig. 1. Mechanisms of Activation of PAR-1 Caused by the Agonist Enzyme Thrombin (1) and by the Synthetic Receptor-Activating
Peptide Based on the N-Terminal Amino Acid Sequence of the Tethered Ligand of PAR-1 (2)

The tethered ligand and synthetic peptide bind to the extracellular second loop of the PAR-1 molecule, resulting in cellular responses.

(Table 1).

Blkd 2 Z &1, ZhETIikr7Oo0—=73NT
W%4D OPARD 5 5, PAR-1, PAR2 & O}
PAR-4 % tethered ligand @ % %5 (K 1% P 1L il 51 12 3
DT IVBS—6lNERDEEHRNTF REHNK
PHICHE A2 Z k> THEREMNITERILINS
(Fig. 1). ITNHDOXRTF ROFBEMARNY I
N, 7O IZZAMERELUTBEICWS DhERS
NTHO, [k PAR ZHEME T HEEFDOHFEIC
HETIHEED TICELAONS. 2EL, Bk
MTIR 7> I=AMIZBELTIE, PAR-1 7> %
A MEIVLKSDONEERDLDONERINTNDS
MI9MDPAR D7 > T ARMIFREFERHEENT
Wiz, —7%, PAR3IIHKRATF RTIRIEM
IRDHIENTERN, TL<HiI, Pha<tdbvy
Z @ PAR-3IZZFNHEH TIIMIES 7 )L 25 &k
T ZEIITET, PARALEDEEFEFIZBNT
PAR-4 @ co-factor & L TH< Z &2 &L D PAR4
OhOZEICHT 2EZEEED ST ENGEHS
N7zt b PAR3 N DOEREZBH T 50 & D
WERZ o TR,

1. HI/REBRRD-HDERNE L TD PAR

M/NRICERET S PARVE, F&ELThOorEY
IR B I /RO Z 1 L T % 2%, Table 2 12
R I, EWICRERMBEND S, -1 b M
INRD b O E BT PAR-1 )t TN PAR-4 % 4t
LTEIZOT,WINSDY > I MAim
INREE LU TIRHATESHBEENEZEZ 5N D,
PAR-1 & PAR4 Z k89 5 &, RIFED AL DK

Table 2. Species Difference of Functional PARs Present in
Platelets

Species PAR-1 PAR-2 PAR-3 PAR-4
Human + - - +
;?S{;g?an + unknown unknown unknown
Mouse - - + +
Rat - - + +
Guinea pig + - unknown -
Hamster - unknown unknown unknown
Rabbit - unknown unknown unknown
Dog - unknown unknown unknown
Pig + unknown unknown unknown

The presence of each PAR was evaluated in terms of ability to produce
platelet aggregation. +: marked aggregation, +: slight aggregation, —:
no aggregation.
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DB TES.
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MRBINTHBD, OREE MO E > OBERIZHE
MTH.

PAR-2 7 I= X hT&» % SLIGRL-NH, Z{{H &
To v NORENIZEREGT 2 &M o mE &l
TLENE 5N, ZO%%1Z compound 48/80 D 15
ATALIE 12 K O B AL 2 5598 S 8 TH < EEnmIc
HHIEN3.29/2bb, PAR27VIZZAMIXD
LS5 0 e oD i SR AN 2 10—t D RE F DY i F
INDZENRBINEZ. DL, invitrolZH
WT T v MEREHRERMILTIX, PAR-2 mRNA
& RT-PCR {EIZ X > Tl I g, PAR2 7T
AR ANER DRI SN o WEIRE
ZEIT, REMERIXRTF RTH % LSIGRL-NH, IZ
Ko TT v NG EAE g D B BERL 23 35 78 S
2O ZInNsDZ &L, KEE D SLIGRL-NH,
&> Tinvivo TP NWTERIND EiEHKE
PO —iEFEN, MR CAZE ORI - AR Ik
THEMZNT 22K BHDTH S W HEENE

<, £/ PAR2Z NI WVWIEKREN R TH S
HJREME B EE TERWN,

—7, EEITEIEE D SLIGRL-NH, 25 v b D
BIENICHEEGET 2 &, EFR (S HRBE) Hid
LEENEFREIND. D 2N, compound 48/80
TRHEINENWI LD, EiEMaIEEEETH
5.2 5T, RO C-fiber IZ PAR-2 WFEEH L
TWBZENRHEEN, PAR2EM(ICEL D sub-
stance P TN CGRP DO EEENSHE = % Z & AEFHH X
Nz X512, miEEOSLIGRL-NH, 12Xk D&
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CGRP; ZAMKRETIEE, NK, LA EKRETIEICIOM
MENDZEMREN, PAR2T7 I A KM C-
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TRBINZ. 2 ZDXDIT, PAR-2 I MM RAE D
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7z (Table 3). 3 DD KMEWAR (B FHE, %8 AR,
T Tl, PAR-1 X7 PAR-2 ® mRNA 7% 1)
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MNin vivo IZB W TR I ZAFRT 5. D F /i in
vitro TH N T PAR2IEM(LEERETH L N T2 >
KO PAR2 7Y IZA MRTF R, BEFBRASA
AMMEDT 2T —E 5 K OHG TR S
DLTF 2oz ERT 5. PAR2 29 5 MR
RO, 7 hovy, 7x> k532, 7O
77 /0=), 12 RAZT>TIEAHIENRNT
XD, AANY VZEEK, o KO BEZEAEK, JO
2T 5 DEEIFRWEEZS5NS. D) Tz,
PAR-2 G AL OMIENS 7 FIV KT A5 7
I BB EEIL< ahoTnwiWns, PAR2 %
NTHETENSOLF 2 HEFos > F-—+F
FHZE3 T & % genistein 12 & > TER I HIHI S 41
%20 —7F, PAR2IIPEMKICH L < FLEL, 22729
in vivo IZ B W TR 7y 2 HE U, 29 % 7= in vitro
WBWTIRBREMBENS D7 2T —E 0 N
EERIILIC BT B 1 A > F ¥ 2L OIEMAL 2 Hi# 4
% . PAR-2 %419 2 S 0 SO IZ B 5-9 2 fll i
N T FIVET DAY 7 a IR ERFN BT
H5. TDOLDIT, PAR-2 X WMLAES 4 wh o 3 i
LB TWABN, Fo4AEMERITHLILL
Mo TV, BRI,  ZERF I I 35 A AL o Ji e
FIZPES TIN5 b U 74— D3RR R0 A i
@ PAR-2 G b Uik oFE 2Rt 5 &
ST < JREMHE 2 54, JRAERF O B RS D —
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Table 3. Physiological Roles of PARs in the Alimentary Systems

Organ PAR-1 PAR-2 PAR-4 Ref, No.
Salivary gland Salivation 25)
Amylase secretion 25)
Mucin secretion 26)
Esophagus SM contraction SM relaxation 29)
Stomach SM contraction & relaxation SM contraction & relaxation SM contraction 32-35)
Mucus secretion 37)
Small intestine SM contraction & relaxation SM contraction 30, 36)
Regulation of ion transport 38)
Formation of prostaglandins 39)
Colon SM relaxation 31)
Pancreas Regulation of juice secretion 25)
Amylase secretion 27)
Regulation of ion transport 28)

SM: smooth muscle.

Wiz PAR-2 3> TW5 E DR HHL D LD,
AIE T, PARITHEMR OEEBFHET 217> T
W5, ka2 E IZEEE M TIX PAR-1 236
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PAR2 7 I ZA MC Lo THIfIEN D Z &
INTWVBM, 3D 2NN KY F v )L OIEFHE 2N
LD THhBazNENIREZESMh> TN, —
F., BHEEMTIE, PAR-1 HTUPAR-2 W DE
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ZOE IR OEE)E D PAR IC& > THIHIE N T
W5, PAR-1 XU'PAR-2 D7 T =X MIZEF&
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5. MREERL L TOPAR7I=ZZ FHB0 (&
7o d=ZXMDISH

PAR-1 lZHANICH LS HEHL TW5BE. 9 —F, 7
ORO>E O mRNAHKNIZERDENTWS
M, ~o>EPANONREMEY I =X MEEEDK
NICTEIET D R[EEE DB A 6015, Fiz, RIECMK
NH M METR O hO > EiCL> TR D
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7 A BRI F RIIEIRE T L O
Z bOdA MU THREMICERL, @miREICR
HEWICHIRAEZFERT 2.9 T v FOMEZIZ b
OYECEMBIEATS E, MK - IKMBEM O G K&
OINEFENFRIND 2 ENDG, MNHMEBICES
NDWIFEDOIERLIC O > E 2B 59 % A ggfk A
BfINTWS. “ £/~ invivo TOREIMIKGETE
FIVTIE, MO E RMREEMITIZNE 0 MR
faiz st U CTREMICIER S %2, SiREMTIID L
ARG EZBEALIES.9 —F, PAR2
mRNA |3/ —F > 70y M ETIEKTIIMmE X
NN EXD,D4Y), PAR2IZIMICIZEFFEL 7
WEEBZLNTWED, BIFEILX PAR-2 B N #ifE
RS2 ) 7 ICHEELMIEEICE G T2 5260
T3, 9 PAR-2 DMAIZBITAZNAEY T=X b+
NI THDNIRMHATH B0, &, TV b
MEOBEHINZRN) TP O > 70577 —
TN PAR2 Z2IEHAL S E 2 Z ENMEINTW
5. EDXDIT, REEREHIIE D ff 3 K O fd 58
DNTHNITH PAR-1 H % Wid PAR2 WEL B b
STWVWSHZEXD, TNHEOZEEKOTY IZARD

B WET & I S IR iR It e oD i g
HORER E U TR TE S REENE 2 501 5.
6. LIMEREES PAR

PAR-1, PAR-2 T PARA4 1T W\WT N H M & N %
MIICHEEL, 732X MREIC X D NO 2 iz
U M 235 & 8 %, 354849 PAR-1 [ M55 S ¥ f 1T
HEEL, ZONEH LI NS & B HE RS
N5 ®InvivollBNWTH, PAR1I VI A D
DWIEPAR2 7 I A M &HET 5 &Mool
JEAR R 23388 5415, 50 1145 PN T O Ik e [ 1 73 v
F0 O ECNBEICEESINZEEIC, IEN
B D PAR-1 28iE AL & 31T NO (K1 12 1 A3
K95 Z LMDk ERIEL, MikZ#EERT S
ETEHENI W, —F, mMEIEEINT, ~or
EMNFEHICETREL TnEOIENRKE Z 5 2
Lk, #BEOHMER<S ETHEHTHS. Z0XD
WEZDE, FOCECZRIKRTHS PAR-1 KU
PAR-4 O MERITHIT D AR ENIHEML 2T
W, —%, MENKICEET S PAR-2 11X, AL
fafsko Y 7 —F05 Vila, Xa fE KT &
STIEMHLEND 200, 9 2D EHNEEZBMRT
HZERAG TR, BkdHsZ i, SiLEH
SRFHE T~ b (SHR) TIEMKIME DN H 3k NO &
GBS EEINT NS A, PAR2ZN4T
D N RARTE MR RE SO I IcE L <BsanTn b
ZEMS, BHEME FIZH N T PAR-2 3K
EIREFT D HMICHEEE T D RTREME N EZ 2 5 T
5 0EEFEE MFEWEIRANEMBEICH N T,
TNF-o, {1 > —0OA4F > ladbbdWET R MF
LU EDRIEMERIIZE D PAR-2 OFEH MG
BEINDZENHMEZINTND, D In vivo IZB N
TH, TORMFLO0HEEFITEDIMENK
PAR-2 2%iAE X 1, BUMIE N TOKIMIEIZ PAR-2
MEGETHZENRBINTNS. VERE Ty b
OHEEIRZE NIV — > T —T IV THEEI B ZHEIC
H PAR-2 DA EMNEH 5N 5.9 —F, PAR2 7
O A MOl D R I - F R A5 2 2= s 5. 59
DL E®D X DIZ PAR2 I RIEC MR B G R ICEE R
HEFZFERLCTWDEEEZZ SN, PAR2TYIZZ b
HDHNET F T A NI ROME RIEBDIEE
HMELTATESZND LN,

EhYIC

PAR |3 ERCDAAMIT & ZARTR A BRI - SR RE AR B %
sl ZH3 5. FlAE, PAR AYEEM O B 5EIC
BT 2 2 &, 0 X 51T & #4590/ i i3 115
PRELVBEBICHOEG T2 ENHEIN TN
%. F7z, PAR-1 KU PAR-2 D FHEHITZ BRI iR
<ED 51,20 PAR-1 WERKDFIEICEH G5 Z
EHERBINTNS . OZDLDIT, 1991 412
PAR-1 37 0 —= > 7DENTH 5K 10 FE DRI
PAR D&k AR EI N R ZICHS N ETRD,
BilE, TOEEMNREFINDI LD TE/.
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AR, NI TOUFEHRMBRAIEEIC DK D14k
MENBHBLZNITHFHEIND LIS TH .

BEE ARBTH L2EFE ORI, k
R FRAHB AT AR BNTES NS
DTHY, TXRETYEZHD XL ZBHEKE
B NICERICTH I Z2THE X L ZRARFAEOE
FRICESEFLHBL BT RY. £z, —HERENEZE
S TTHW IR A AR S S A7 e =
bl — SR BIR L OFRFRE DS &, & SIS,
TR SHEZERFE L > & — DERRITO K D
W LT, 2B, AMFRO—ERESERERHAE
BHPSITEI o THTONZDDTH Y, HF TS
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