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Roles of Protease-Activated Receptor-2 (PAR-2), a G Protein-Coupled Receptor,
in Modulation of Exocrine Gland Functions
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Protease-activated receptor-2 (PAR-2), a G protein-coupled receptor, is activated by proteolytic unmasking of the
N-terminal extracellular tethered ligand that presumably binds to the extracellular loop 2 of the receptor itself. PAR-2 is
widely distributed in the mammalian body and plays various roles in biological events in the cardiovascular, respiratory,
alimentary, and central neurons systems. PAR-2-activating peptides administered systemically to mice and rats trigger
prompt salivation in vivo. In an in vitro study, PAR-2 agonists including the endogenous PAR-2 activator trypsin induce
secretion of amylase and mucin from isolated rat parotid glands and sublingual glands, respectively. PAR-2-activating
peptides administered systemically also modulate pancreatic exocrine secretion in vivo as well as in vitro. In the gastric
mucosa, PAR-2 stimulation enhances secretion of mucus and pepsinogen and suppresses acid secretion. Tear secretion
can also be caused by PAR-2-related peptides in PAR-2-dependent and -independent manners. PAR-2 thus plays a
general or key role in the regulation of exocrine secretion. This review focuses on the physiologic and/or pathophysio-
logic roles of PAR-2 in glandular exocrine secretion. The possibility of PAR-2 as a target for drug development is also
discussed.

Key words protease (proteinase)-activated receptor (PAR)-2; exocrine gland; salivation; tear secretion; gastroin-
testinal tract; gastric secretion

1. FL&IC

Gy N BEEZARK (G Protein-Coupled
Receptor, GPCR) I, 7REEmELEZAL 3 &2
KGH NI EZEHET S Z EITX DM
TFIEMBANNERET S, GPCRIZZAKY
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77 —BIZX> THIREAMZEHR L TWa N KN
TF RENRFEM TR SN, HLIEDHEIN
7= N K ik 23 tethered ligand & U T2/ H 5
BB &L TiEMA
INDEVSEERICIZ—IRbDTHS (Fig.
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1(A). "9 hO > E > ZEKE LT PAR-1Y 215
R XN TLI#%, PAR-2, PAR-3 U8 PAR-4 73HHK
WT/Z7O0—Z273NTWs.5¥ Zhsn5b
PAR-1, PAR-3 JxTAPAR4Z hO > E LS T,
PAR2IINU T >, RMUTH—EHDWIEIMHE
BEE S Viia R Xa A Fic k> TiEHIEEI N
Z LD FE = BLBRZE W I &2 PAR-3 DUAE O
PARs 13, tethered ligand @7 X J BRI HICH DWW
THEKRLEZS—THOTY I JBNSR5F) TIXRT
FRIZEK->THIEMLT R LN TES (Fig. 1
(B)) 1—5,7)

PARs, 4%#IC PAR-2 134k % 72 fiids, #i&kd 5 W0
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Protease clevage site

hPAR-1 (40-48) PR SFLLTNP
hPAR-2 (35-44) GR SLIGKVDG
hPAR-3 (37-46) |K TFRGAPPN
hPAR-4 (31-40) PR GYPGQVCA

oG
|\-c Thrombin (PAR-1, 3, 4)

Trypsin (PAR-2.4)
Tryptase (PAR-2)
Factor Vlla (PAR-2)
(PAR-2)

Factor Xa

SFLLR-NH, (PAR-1)
SLIGKV-NH, (PAR-2)
GYPGQV-NH, (PAR-4)

(B) PARs-activating peptides

N

Cellular action

Fig. 1. Mechanisms for Enzymatic and Non-enzymatic Activation of PARs

WM B L, RRICTEERER, WRkERR, THILEs
RHDNITHIRHEIERICBIT 2L DAEED DN
JRREEFICE<S BIS- LT 5. PARs O—fRAytEAE
IZDWTIE, BEICENREH S O0NLHH 20D
TEHEHEZBBLUTHEEZW, REH TIRIRR S W
ZIRD &I DD WHERE D HIEIC BT S PAR-2 O
e 2 TR T 5.

2. PAR-2 &REDW

HNHNIL, RT-PCRIEIZKD T v hDIRIRIC
BWTPAR2mRNA NS EFIZHHAL TNWL L%
W, PAR-2 &R W DOBARIZD W THE L
7. Iv bk« XUZAH PAR2 IEHALXTF RTH
% SLIGRL-NH, 27 v M2 gtk E5T 5 - HE
KTF I TR 3 W DYRA S S 7= 7%, SLIGRL-NH,
D7 2/ EBELH & SE T ECHIREE IZ U 7z PAR-2
FEEMER O > O —)LRTF RTH% LRGILS-NH,
DOHREG TIXRE 7 IbE A NRBh> 2.9 —7,
SLIGRL-NH, ® 1 f. & 2 D7 X J FE D A % Wil
¥ U7z LSIGRL-NH, &, iR DZEe s~
F R EFRKIC PAR2 22 <M TH I EMNTE
7278, SLIGRL-NH, & [A#8 # O g 53 6 T 1
HzERLUE. £/, b M PAR2{EMH(EXTF R
T&® % SLIGKV-NH, 1%, SLIGRL-NH, (v b -
IUAR) X0 BHERITITNDIRIE W E L
. ET2AD, Tv b - RUABOEE EITRERD,
SLIGKV-NH, ® 7 2 / Bl ¥ & e 2T H R FIz U

7z VKGILS-NH, KU I it & 2 1 D7 2 VDA%
WELFIZ U 7= LSIGKV-NH, 1%, W33 IR 5
EESHERLENDZD DX DIZ PAR-2 B
RTFRDHE, PAR2IEMHEXRTFRTH
SLIGRL-NH,, SLIGKV-NH, & PAR-2 3k 1t B X
7' F R T& % LSIGRL-NH, D & 2N R 53 b M %
BTHZENgMo/. T 6O PAR2 BHEART
F RIZK B RE D W PAR2 IG5 2 &0 %
SN 5720121E, PAR27 A I-_A K%
ANWEERERBRETOIXRETTHDN, BIEICEST
TR ANR O 1 Z2H TS5 PAR2 Y >4 0
ZZ MBFHTESREICIIRN, 22T, bhdb
UL PAR-2 IR T F R 2 AW B EEBR 217
HZEICEKD PAR2 OBHICDODWTHFH L. 5
v MZ SLIGRL-NH, Z 2 5 # 5 L /= B#RICHE
SLIGRL-NH, ## 59 % &, 2 BEHIC&K G L -
SLIGRL-NH, QiR M ERZIHEE L, FEE
SR D BNz (Fig. 2(A)). "9 [A £ IZ LSIGRL-
NH, OFiLEIC KD 2 EHIZH G L /= LSIGRL-
NH, ORI WERIZEIES /2 (Fig. 2(0)).
& ZC, SLIGRL-NH, @ #ij4li&# 2 LSIGRL-NH,
ERET D&, W WMERE—EE S N5
2IZIFHEIEE s> (Fig. 2(B)). 1D —7,
LSIGRL-NH, D #ij#li&ElZ SLIGRL-NH, DR 53 i
ERRH TR E<ZEZ5 X0 >/ (Fig. 2
(D). ZNH5DHERNS, SLIGRL-NH, [ FIZ
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Preteratment with SLIGRL-NH,

Preteratment with LSIGRL-NH,

A) Posttreatment peptide: SLIGRL-NH, (SL)

Injection Tear secretion (mm/6 min)

1st 2nd
) 5|0 _190_1?0_2?0 0. 5|0 .1?°.1?°.2?°

1st  2nd

P

3
m— |
*
i —

B) Posttreatment peptide: LSIGRL-NH, (LS)

Injection Tear secretion (mm/6 min)

1st 2nd
0. 5|0 l1?0l1§0l290 Ol 5|0 l1q0|1§0l290

1st  2nd

S + LS

SL + §

SL + LS

C) Posttreatment peptide: LSIGRL-NH, (LS)

Injection Tear secretion (mm/6 min)

1st 2nd
0. 5.0 l1?0l1§0l2q0 0. 5|0 l1?0l1§0_2q0

1st  2nd

S + LS

% %

LS + 8§

3338
LS + LS B3t

D) Posttreatment peptide: SLIGRL-NH, (SL)

Injection Tear secretion {(mm/6 min)

1st 2nd
0. 5|0 l190_1§0_290 0. 5|0 l190l1§0_290

1st  2nd

*

*
LS + S 3— ns|
Ls + sL [ SR

Fig. 2. Effects of Pretreatment with SLIGRL-NH, (SL) or LSIGRL-NH, (LS) on Tear Secretion Caused by Subsequent Administra-

tion of SL or LS in Anesthetized Rats

S: vehicle. *p<{0.05 and **p<{0.01. ns: not significant. Reproduced from Ref. 15.

PAR-2 Z{EMA LT 5 Z LICK DIRIR W ZFHET
% EHEERI NS, LSIGRL-NH, O {EH L PAR-2
CWRBRRBRADRMDANZALZEZNLEZDDEEZS
N5 (Fig.3). £/, EilRd &SIz SLIGRL-NH,
DHTALE 7)Y LSIGRL-NH, O 2 —&#ifi L 7= Z
& X0, SLIGRL-NH, {3 PAR-2 PI4+iZ, LSIGRL-
NH, DEMZFIZH—FHIEAL Thahrd Lz
W (Fig. 3). 22T, bhibnidfs OHERR
%fF5 Z &£12 & D SLIGRL-NH, & LSIGRL-NH,
DI 5T I TUHEENE ] O Fei 2 & ST bhiekat U 7.
Z D5 %, LSIGRL-NH, 12 & % iRk 50 W Tt 31
LAFY) VET NOE 2 BN E AR I
ANFHARZT LT XS TEEICHIEI N,
SLIGRL-NH, % 7} SLIGKV-NH, IZ & % JR#& 7315 7T
XY FOEIZE > THETFNEL B> bDDIF
EhEMFI SN DD ENDS,
LSIGRL-NH, (3 &Il 5 & i % DTG L %2/t U TR
Wiz LS E 5 DIk LT, SLIGRL-NH, &
" SLIGKV-NH, DR 73 i TLHE 12 13 Rl 28 A %

BEEAEEGLBRVWEEZSNS (Fig. 3). —
7, SLIGRL-NH, % Of LSIGRL-NH, i3\ 3" %
e 2 R I B2 2Lk, ZhHRT
F R DR s TUEAE A IR R A 23 B 597 % mTRE
EHEZ 515, LnL, SLIGRL-NH, & f LSIGRL-
NH, I & 2R 5 W T, compound 48/80 D [
B GICX D EmfEefE S g2 v MzBn
THHifl I NN EnS, Bl ORE 5136 E
INTWVS, 19 £/2, PAR-2TH TV 1 2 Uzt
HRRICIEL, ZDEMICK DA ZERY Lz
0, HAEREFEHEZRTO I &N, SLIGRL-
NH, QRS WAERIZ D 751 > Bz
NEET 2N EZ6N5. Lirl, BT¥A
SO DREBGITED AT YA 2 R R
BL7zTy MZBWTHIRERSILTTEERNGED 5
NI ENS, HTYA L VRBZEMROE 5138
EINTWD BEREERT).
FROAMAE XD, PAR27I_AMTH 5
SLIGRL-NH, & % W\ PAR-2 JE{EMHII R T F R T
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siaqy ansu
ooy buebaid

Excitation

siaqy ansu
ouobuebisod

Parasympathetic nervous system

LSIGRL-NH,
IGRL-NH,

GRL-NH, The core structure

RL-NH, (™ =Dl oriand RL?
RLGI-NH,
GRLI-NH,
Ach
o e e a s a s enaas

Tear

secretion

Fig. 3. Summary of Screening of Peptides Consisting of the Constituent Amino Acids of LSIGRL-NH, and Sites of Action of Each

Peptide
Reproduced from Ref. 15.

& 5 LSIGRL-NH, > = —7 L — VEMREESC RS
AT A T8 E DRI 2 /R THEBITH T 6%
HELTHRHTESREENEZ 515, Lnl,
PAR-2 135 % Dl #a M fd I 7275 U 2 ek 72 A BE B RE
HDNILIREICEMEICEE L TWD I En5,
PAR-2 DIEMALIC K D THI L s WA FERR 1 Z
HEHEEDEE LR TIER6RN, 22 Thhb
E, PAR27I=ZZARL0D®H, &L A PAR-2JE
5GP O LSIGRL-NH, O R IMERICHEB L,
R 15 PE A BE R 2212 & U LSIGRL-NH, O 1EH F 8
WHELREAEEOMTZHA A, ZO/ME,
LSIGRL-NH, ® N K¥iflld 7 2 2 D &R\
IGRL-NH, MR Wz i S, £0EMITY
fov ickoiflansl Eaz/RHBELED 974k
%, LSIGRL-NH, @R 5 E 213 IGRL £
ENEETHDHEEZOND. TIZTLG R, LO
ADODTI)BEDT UF LIRHAGHOREICEL S 23
TESED tetrapeptide Z 5L THFt2H#D =& 2 A,
RLGI-NH, %X GRLI-NH, ® 2 DDXRTF KiZH
7 b OE 2RO W TTHEE AR 51
7=. &5, IGRL-NH, ® 1-3fiD7 I J BN 573
% tripeptide T& % IGR-NH, |3 & 5 W 7L VE
BRI MOTEM, 2446007 I JBMNSRDB
GRL-NH, [ /i TitEEf 2R L, ZOEM®
7 haovickoimlc Nz, £/, GRL-NH,IZ
HRFGFNER Tl & o 7= 2Y, dipeptide TH 5 RL-

NH, bRk W zER L., 20T &S
LSIGRL-NH, D iR#& 73 LHEME A 121 RL D EL %1
NRAKIBLETH D ENHLNER S T2 (gl
i) (Fig. 3). Z @ dipeptide D A& 5 IR
WAWITHEFER 26T 2K FILEMOFE, &
B, SHIEND TORECHEEIESIEMNTE
TSBIEANOREEMENIEN S, 512, MiRIcL 5
HEAIZ OIS RERES ez RHd 2 &N T
SNUE, TR IR 208 S BREB OB EN D
RIGASEHEIZR DD TR BN EEZEZTND,

3. PAR-2 SR

Zv FOE TR, & FERKOE TFRIZIE PAR-2
MEBEICHEBEL TWS. 122 [nyvivo IZH W T
PAR-2 {E1{L X7 F R Tdh 5 SLIGRL-NH, Z1H®
ETHNLOND PAR2EHAEXRTF RiIgv T X
WEIRNE ST 28Ik 0RE 1 pgzE—r &
I DMEW I A AL T 0%, Sk DRI D%
3R, PAR2FEEMHI I hO—)L RTF
R Td % LSIGRL-NH, {3 HE#E 77 & 4= < AL L 72
W, —%, PAR-1 R BRIEM(LRTF RTH S
TFLLR-NH, # 255 L TH MR WITE Z 572
W, X512, PAR2JEMERTF RON KDL
U EZ T O )V EITER U - 2-furoyl-LIGRL-
NH, %, SLIGRL-NH, D] 100 % o W& 73 s 15 P
#HL, W ZOEMIZIPAR2 /v V7T R Y
ZWCBNWTRHREICHET .29 £/2, invitrolTH
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T, SLIGRL-NH, & % \»id N-trans-cynnamoyl-
LIGRL-ornithine-NH, 7% & ® PAR-2 £ B 1915 ML
R7F RITHA, PAR-2 DNEMEEHELEEZ TH
LR T kD, BEFRAIAZANSDT 2
T =Y DN TIHET B, 22—, PAR-1{EMHEAX
7F K T&dh 5 TFLLR-NH, % A (parafluoro-) FR-
(cyclohexyl-) A-citrulline-Y-NH,, PAR-4 & 4 {1, X
7 F K Td 5 GYPGKF-NH, % T} PAR-1, -3, -4 @
WG LEEZETHZ O EIE, F0LD
ERIZA BNV, 2 X512, PAR27I=Z k
WHELAEZEFE2SOLF Wb TSI
%.2) In vivo TD PAR-2 7 I = A MZ X B MEW 5>
Wit Y hovy, 7z I3, o7 T )
O—)VROA > RAZ L &> TMfl T iz 2
EMS, ZOERIBLAZRRY 2ZBER, o KU B5%
KRS, T2y TS5 OEEENLE
HOTIRRL,? £z, hTHA > U EZEMNRR
DEGHEEINTND. 29 ZDXSIZ PAR2 D
EMEIC XD, IR WD H78 5§ MR WA TTHET
H5ZEMS PAR2IG Y =7 L — EBEEREOIRE
HEBFOY =7y & U TIEFICHKEN G T TH
2.

4. PAR-2 EFRDW

In vivo IZBWVWT PAR2EHEILRTF RTH S
SLIGRL-NH, %z & 5 ¥ # 59 2 & BRIR D W E
TIN5, PAR2EEMEM I O —)LTHS
LSIGRL-NH, 13X TdH 5,20 Z O BRI 57 W 7T
EERZ> 7 0dF 27 F—YHERI THS P70
T F w7 TREMAHI S NN, BT %
PEHROBEIC K > THIHIEN 5.0 51T, AL
PR VELEFHEEXTFE (CGRP) @ CGRP,
SRR, HHVIR 2 —OF =2 ADZEEKTDH
% NK2 2952 ik THMHESNS. 20 2
D En S BRI W ITTHENE A O FEBNTIINE M
OZ% 75 >Y 35T, BHMEICEET SN
THA D MR OTEE N EETH D Z &N
HHEAL 7=, 972056, BEMREHERICHELET 2%
ZH5N5PAR2 NiEHfbInd 2 &iTkD,
CGRP ;U= a—OF = ANEEESHh, =hZ
1 CGRP; T NK2 Z &K% 5 U CH ¥ 0 W At
FEINDZENHSMETRo - (Fig. 4).20
PAR-2 X BB OFEITHEEL THWD, i
EtZ v M2 PAR-2{EME(LR T F R TdH % SLIGRL-

NH, 2255 L T HE O LR, IITE/LIT
BB IR, 2D f1)L )N —)l, pentagastrin, BH
%1% 2-deoxy-D-glucose I & D HL X N5 B4
WDTLHENE, PAR-2EVMLRTF RICK DIl E
N5.2 ZOPAR2IEWALRT F KD F B
FIERZA > RAY T itk THIEEINT, &
e, NTHA T >ORERGICE > THMHI SN
WS ZEns, NRWETORY 752D kT
P12 RS EMREOBEIEEEIN TS (Fig.
4). %£7=, SLIGRL-NH, 37 v N HIZBT B EK
A A Ok REIT 50, +461B TIdER
BEA 4 B LIy (FRarElEd). —7,
PAR-2 B BIFIARZ W= 0B H 12K D PAR-2
137y NERMBEICBOWTEMBICEEICHETSZ
EMABHEIN, £/, PAR27IZANTH S
SLIGRL-NH, O KB HGICLORT > /=7 > D
SPIMEESIND T EBHASMNERS> TS 20 Z
DORT 2 ) =0 2mibrtEER, 7o bR
[HEHETHDF AT T —=)iIcXDHIHlI T NN
ENSBERPIWTIKFE L DD TIZR W, 20 £/,
ZDOXRT Y )= 2 WTTERERZ A 731 2 2
MR OBE, —BILERGRBEREESN L =
Fa7IF=Z2AFIIT ATV (L-NAME) KO
7 RO X OHESNRBNWI ENS, ITTA
O VR R, — R S R ORISR R DB
EHEEINTHD, B FMRICHEHL TWS
PAR-2 WEZIEHEIL S NIRRT T ) =57 25
WHNTLHEL b0 EEZS5NS (Fig. 4.0 2D
E XD PAR2 3 EBRFHARmZFERD EE X
5N %N, PAR2 DIEHIICKORT L ) =57 >
MERT T 2 NOEHIT E R T O oW S
N2 7=, WHEOSEME T CTIRRER TR D
FOEFBELRITHIWNMD LN W (Fig. 4).
ZDE DT PAR2 I BEMEIT B W TIEF ITHEM
IREIZH L TWDA, HE—RITIIBERERED
HIITHEREL TWa, FERE, PAR-2EHIXT F
RICKOIERE - =5 ) —IVHBNEA 2 RAZ T
IC KB EMEREEN R SN DD, JhuIEIThT
A VEZHEEMROERLLZEZNALZDDTH
5.0 X517, PAR2 ZIMENEMICHEHL, =
DIEPEAIT K O BN & ki s #iA 1 (EDHF)
KEINT in vitro TIXH BR D51ER, 2729 in vivo T
W E AR RN 2R T 5.20 ZNe Dl & KD,
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F Vlla

F Xa

Tryptese

Trypsin

Agonist peptides
SLIGRL etc.

ZIN

Activation

CGRP

Sensory
neuron

L J
Mucus
(Defensive factor)

v
Mucosal Protection

Pepsinogen

Y

Pepsin

L J

Mucosal Protection

or

b AR Unknown
cell

Unknown
mechanism

H*

©

Parieal
cell

Fey,
Vay,
n

v

H
a ? A
(Aggressive factar) ﬂorﬂ E (Aggressive factar) ﬂ

A J

Mucosal Protection

Mucosal Damage

Fig. 4.
Reproduced from Ref. 13.

PAR-2 [ B i EfE ZEREEHFE OO OF N7
Y=y Ny FThdEEZLNS.

5. PAR-2 &R

In vivo IZBWT PAR-2 7 d = A MW 1 %
—IEEICTIE I B0, —RICHIHIL, Fo%
Fremic iS85, %2 —%, PAR2 7dZ X M
in vitro Jx X in vivo D NWTHIZB N T HEEN 5 D
77— EIESIE S, 20 X5, PAR-2
DIEHIT RO EE EEMaos 0514 R4 F 2 F
TRIVIEHILI NS ZEbMEINTNS. 3D Z
D & 51T PAR2 3 ENRIC B W T H A D NI
HE<BEHL TV,

6. HHYIC

LR DX 51T PAR-2 |3 HE 4 D450 R D 4 B HE

Role for PAR-2 in Regulating the Secretion of Gastric Juice in the Gastric Mucosa

FEI D D VITIRREDFIEIC B W TEHE R K&EH 25
TWwa., 5%, XOKEMTIEXRTFFED
PAR2 7 dZARHDWIET > T NDBHH
I, =L —EREEEZESDREL DN
WAELH 2 (B S RBITH 9 58 L WiRiESIC e D 15
AHEMENH D HDEEZEZEND.

BB OAWEORTICHED, THRYRDLTHE
BETHERZBD, 3512, ARHEZUETIICH
=0, BEAMSERD FU TR ETH
BRI LEDEHE L B ET

X7z, ARFH TR L2EE OMIERRT, TH#
K IEAEER AL AR RESR (R R BH AR 70 28 I O R S 38
THEMMEHFEL Y —ITBNTHESNZHDT
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