b MBI M 31T D plasma kallikrein (2 X %
Protease Activated Receptor-1 % /" L 7= RIENEHE &
plasmin (Z & % calcineurin % 41 L 7= cyclooxygenase-2 & i,

H A RS R BRI FE ) ol 7 B

L %

C=E A N S R I 69)



HE

Plasma kallikrein (KLKB1) (338 T& % kininogen % [RE/DfE L, ABNEME7F | kinin % FEE
T5EV T T T —ED12ThHD. kinin [TBMERIEFSE RS DL AT 4 =—F—D 1D
ThV, WEEIRIZIIT 25T Th  MESLRLMmAE FmPE O TUEICBR S 5 2 &3 F o
< ThbD. £ plasmin &AL 55y DIHLTZ T T 72 < HiTBE{A Matrix metalloprotease DIE LI
LG L, BRAERIARE, RE, MEMEEIZ) )b 5 AN RPN b EE a7 7 —ETh
5.

Protease activated receptors (PARs) 34k 4 Z2fHRKICHELT 22/ T, MEFIEHICH W TIE
KLKB1 7% PARs #{&HMAb ¢ % Z & 12 & - T Epidermal Growth Factor (EGF) ZZ&KRORHICEE L
TWBHEWIMERDH D, F-hHEEIZIZIV T plasmin 2% PAR-1 5P L% L CRIE~E G535
BRI T HHENDH S, KLKBI, X O plasmin i PARs ZIEMHAL ST HENH D Z &b,
FTAIZINODEFROEITICHEE LTS L& X, b kM2 T, KLKBL IZ XL 5
PAR-1 Z /1 LM I v 7 A A e ([Ca*i) BB L O COX-2 3HL L PGE, A, £ L
C plasmin (2 X % calcineurin Z 71 L 72 COX-2 FHH L U PGE, FEAIZ DWW TR L 7=,

[Ca® i 1, MR 7 1 —7 T D Fura-2 ZIRM L, CAF-110 % 7= 2 I RAOEEIEEIC LY
HIE L7z, & MEBERSFSMAEIC R D cyclooxygenase (COX) -2 #fn 1R EDZ (L% RT-PCR %,
EH PCR 1k, ¥ /X7EEBOE{%E Western blot 15, 3% EiEH I & 47= PGE, &% ELISA %
(2 TRERT L7,

b b EBERSE I BV T, KLKB1 ORI LV [Ca* i 1X EH L7=. £7- KLKBI (% COX-2 i&
3B 2 R E B X OWERMRIFRICIEEE L, £ O%h 513 PAR-1 antagonist T & 2% SCH79797 CTHH|
STz, KLKB1 OB LD COX-2 # /37 &SN L7223, SCH79797 THif| S 417-. KLKBI
DI LV 5538 HIEH D PGE, &I L, £ DO#hRIL SCH79797 Tl 47z,

Plasmin OFRINZ X 0 FEKAFRIIZES 2 EIEH O PGE, I3 L 7=, F 7= plasmin |L COX-2 5
TR R A FEEMEAFRICEEE L, £ D2 RIX calcineurin antagonist Td % FK506 THif S 417=.
Plasmin OWIINZ X V%2 237 B E 5 F1 O G [K NFATel 238900 L, COX-2 % v 37 B8l &
HEM U728, Wty FK506 THIf & A7z, PAR-1 iEVE(LAITdH D SFLLRN T HIZIE RO F
BE LT
LU EORE R 5 KLKB1 IFHE A 43fif U kinin % PE4E S 57217 T2 <, PAR-1 247 L C COX-2 i#{x
THRBLR, XX E R, PGE, EAZRET D2 LICL Y, MR EZETSEDHRTO 1D TiEk
W EWH T EAUREE X7, F 7 plasmin | PAR-1 #47 L C COX-2, PGE, Z# PE/AET 25 Z & CHidh
ROEITIZEH ST HAEEMENH Y, £ OMNEN > 7 F /U nE#ERE 1235 T calcineurin/NFATc1
RN G325 Z LR ST,



=

B A AR, RSN LR, IR, AR DB S 4L D BRERHENERE SRRk T 0, B, £, 1k
TR, AR SRR U TRIEDNAE U D, RIEDR S TR TR IR E OIS X 0 B EUG A
BEUT—#MEO LD L LTIRET 5. — 77 CHSHMZER Th 2 i CITMIEITEER 23 FEE L 72w
7o, SRIENHETT 5 LIFBRIEFICH Y 3 <, WEEEANR B Z 5. 77005 EilI TR EIC X
DIRBOLED IRVRFR MR CTh 5. IO AT DO OFFmICKE <G LT\ 2 DITERKR L
JAROFFETH L0, WO RIERFZ I T 2 MIEFERER 2RI DWW TIEIAHAZR SR Z ST
W5,

WX 9D A L A1, interleukin (IL) -1P, tumor necrosis factor (TNF) -a.& Vo 72 RIEMEH A
k1A =2, cyclooxygenase (COX) , prostaglandin (PG) , DAEMEEFEIT S V. KAEHBERLAR CTIX
IL-6, IL-8, IL-18 72 K OBl TR BN TLHE S Y, b Nl iRE e X IL-1BAY COX-2 # /L C
PGE, it % EH &Y | & 512 IL-1BX° TNF-a7' Matrix metalloproteases (MMPs) D3EHi % L5 &
5P RO TWD, FALBMERERCEE Lot Clia 7 X —ERm AT T
—BIEMER LR L, MM EEOBENG SR ST 5 @ ZEnh, RO REICB N THA
NA 7 a7 7 —BIFEEREE ZH > TV D,

Protease Activated Recepters (PARs) 37T 4 thrombin DK E L TR A S, T ETIZ4HED
subtype 23] 6 2372 5 T 5. PARs (3 7 [E OB E B IE 2 & DR Y XTF Fnhbied G 2 v
Ry BIBAZ R THY PV | R ERRICIAL i S, Bix AR T o R Y 2EEY
5. FED 7 1T 7 —EId PARs OfMiias N Kl ~7"F REOFEMI 2 YW 5. £ L T
LTe SR BIEMALEC SN U A7 R & e o TRERA H ORIOEAICHEA L, IHHE A2 7Y .
E72, PARs (I~TF FEHOUIWERZ S 2D Atk L TH RBRICTEMHE S D 2 E B 50> T
AV R

Porphyromonas gingivalis FH ¥ ® gingipain-R 13~ 7 A Jfi#HESEMALIZ 35 T PAR-1,4 247 L, 1fii/)s
WOMBERN I N> 7 bA A PRE ([Ca%'li) O EFEZHRSE Y, /2t b LML T PAR-1, 2
ST UCIL-6 EAE R ARE S 2 P b o PIHE R AAZ T3 thrombin 7% PAR-1 247 L CIL-6 i
(BT ORBE AL SE, IL-6 FEARAIEEL Y, S 512, HifkME2EIE & Difiac sV T
thrombin 73 PAR-1 Z{EMEAL S, AL - RRRKAFAYIC COX2 in 3Bl L ¥ "7 BB et L,
ZORER PGE FEAEN I Z D &) WG 1903 5 Z L5 PAR-1 DTEMEALIZRIEDIEHEIZ BT -
TWb Nz 5.

HBEIC BV T, RIS ML C PAR-1, 3,4 MEBT 2L WO Wt T RbH LT, SR
U7 B O B3I TIRE R O b DIZH R PAR2 23 EH- '™ 9%, %72 PAR-2 agonist 2327
F R TdHh DY 7 A H A PR calcitonin gene-related peptide Z 2 P L WO MENH Y, HhilhlC
BT % PARs DFEBLUZ DWW TiTikim DR U 8 5 203, PARs 1EMEAL & BRI S 2 DBHRR & 5 &

2



HEZ2 S5, Kamio & 20 |3 CIZTE R HIIC PAR-1, 2, 4 235 H L, PAR-1 OIEMALS IL-8 G138
Bt & PGE, A4 5| & 292 & ° PAR-1 {EMALIC plasmin & B0 0, 03l ok O —bi &
o TWDHATEEME A HE L T\ 5.

— 5T, [ACEY 777 —EThs Plasma kallikrein (KLKB1) [EZE T % kininogen % [}
TE iR L kinin 2 PEAZS 5 2V kinin [ZEFE R OB ZAKR FFEAIOB 1 ZARICIER L, %R
PETUHE, B M EkEEAEVER, SEARGHE, AR, RE, BIRME T U o AP E A S| X 2
T2 END, BMRIERIGRR MERIE, R FICRS b2 AT 4 =—2—D 1272 ThY,
kallikrein-kinin & OHHEIIFIRIEEMIC O D EEZA BN D.

M AR IZ 3BV Tk KLKB1 2% PAR-1, 2 ZiEVE{L3 % Z & 12 & - T Epidermal Growth Factor 52
BIROFHICE G LT\ Z &, £7- kallikrein family T& % kallikrein-6 7% PAR-1,2 Z 4 L CH#
REVEICBE ST 2 VWO HE > &b Y, kallikrein family O 7 1 7 7 —B1EM: N PARs [ X o 7'
WRIEAZBI SR ZT SRS Y, HEE S HISTldn e Bbis. £72, KLKBI i3 plasmin O i
K T& % plasminogen DIEMELIZ HEAG- 5. §70H KLKBI (2 & 2 ifil##% KLKB1-kinin 27217 T
72 < PAR &AL, plasmin-PAR iEVEILOD =2 o b — L2 & TR 5 ATREVEDN 8 5 SR T2 BAREIZ 72 -
TR,

Z 2 CAWE TIERIERFIZEE I L 72 KLKBI1 35 £ O plasmin 73, PARs O3EPELICB 54252 & T
Bl ORI EN TV D ATREMEDN B D A b P IEBERE SR 2 AV CREEE 1T - 72

MR R O

1. #E
BRGIRMYE  (fetal calf serum; FCS) , alpha minimum essential medium (o-MEM) , fungizone, trypsin

< GIBCO BRL Life Technologies (Tokyo, Japan) , kanamycin, penicilin G |ZFI{A#5E (Tokyo, Japan) |,
fura-2/AM (Z[R{ Ak 5 (Kumamoto, Japan) , Recombinant Human Plasma Kallikrein/KLKBI1 (& R&D
Systems (Minnesota, USA) , PAR-1 agonist (SFLLRN) {3 Bachem AG (Bubendorf, Switzerland) , [[4-

(1-methylethyl) phenyllmethyl]-7H-pyrrolo[3,2-f]quinazoline-1,3-diamine dihydrochloride (SCH79797)
Id Tocris Bioscience (Michigan, USA) , Human plasmin (recombinant, >95% pure) (3 Calbiochem

(Darmstadt, Germany) , FK506 /< Wako (Osaka, Japan) , PGE, enzyme immunoassay kit (& Oxford
Biomedical Research (Michigan, USA) , $T NFATcl $1f&1% ATGen (Seoul, Korea) , $1 NFTc2 Hiifi
Epitomics (California, USA) , $T COX-2 Hi{A, #L NFATc3 $itik, it NFATc4 Hifii% Santa Cruz
Biotechnology (California, USA) , i B-actin HL{A, HRP £kt © B 1gG HLi&IZ Cell Signaling
Technology (Massachusetts, USA) , HRP £ZZikHi{A~ 7 A IgG Hi{KIE Bio-Rad (Tokyo, Japan) @ % D
A L7z,



2. Milusss

HAREAIR o A R B2 O7KRE OKRBE 5EC12-010 %) (THDE, HARZERATT 50
MHBRPEIZIRR DT D KBE L, FEERRIC I VIRESNTE = REEN O b ki 2 BRI ITERY
A L7z, BD H L 7= i, Somerman & 0 J518 %9 (ZHE-S &, 49 2 mm fAIZHIE) L, #L#&A % 35 mm
culture dish {ZF#E %, 10%FCS, 100 pg/ml kanamycin, 100 pg/ml penicillin G, 0.3 pg/ml fungizone % ¥
MM U7za-MEM Z W T,37  °C, 5% CO,, 95% %40 FIZ T outgrowth &, 5~9 Uik L7 b D& 5
BRIz =,

3. MRNI LT T A F U REE ([Ca®'i) HIE

[Ca™ i JIE I, CAF-110 B2~ ha A —%— (A HH, Tokyo, Japan) Z i L, 340nm &
380nm |2 & 5 2 WERHIEIZ X V153 D78 TR A © Grynkiewicz B 27 0 1L TR E OB H A 1T
S72.13.5mm H/N—H T A ZE = 35 mmceulture dish N T 7 /vxmy MIZbETHREL, M
faN#E 7 1 —7 T 5 2 mM fura-2/AM ZIRIN#%, o-MEM F1C 37 C,30 Z7ffA > F =2X— KL
7o, FRREESE L CWD I R—H T A ZE R L2 —|Z835%, TV ™ W& A Krebs-Ringer-
Hepes &% (120 mM NaCl, 5 mM KCI, 1 mM MgSO,, 0.96 mM NaH,PO,, 1 mM CaCl,, 0.2% glucose,
0.1% BSA, 20 mM HEPES buffer pH 7.4) FZ##E L, KLKB1 IR0 HRIE L7z,

4. total RNA fiiH

10 cm culture dish T2 > 7 /b= MZ72 5 £ THE, KLKB1 F 7213 plasmin #8001 24 KEEIRTIC
FCS % & £ 72 o-MEM (253 #2 L7=. KLKBI1, %7213 plasmin Z %8I L, — &R IREE % 1 RNeasy”
Mini (QIAGEN, Hilden, Germany) % H\THlIfE7>5 total RNA O %217 - 7.

4-1. RT-PCR %

total RNA, DNA primer, QIAGEN® One Step RT-PCR KIT (QIAGEN) % fi\ T TaKaRa PCR Thermal
Cycler Dice” Standard (TaKaRa, Tokyo, Japan) (ZC RT-PCR 4T~ 7-. ERIHHA L7 T 1 ~—%
Table 1 |Z759. RT-PCR OGRS, 50 CT 30 4314, 95 CT 1557 % 1cycle {TV ) cDNA Z &% L,
RUNVCTDNAZEMZ 94 CT30F, 7=—V 7 %55 CTI0R, MENKIEE 72 CT30ITW, =
% 1cycle & LT COX-1 & COX-2 Tl& 27 cycle, GAPDH Tl 24 cycle {7\, A& E LA 72 °C
T10 [T o 72 PCR ¥IEEMIL 1.5% 7 H o — A7 )VERIKE), =F Vv A7 a~ A RYEE%ZIC
el L7z, 5 o7c "y FORER X OHEZ B #mE 7 b Adobe Photoshop Elements 9 (Z THt
1t L, GAPDH & O%f Al 2 Hi L7,



5. & PCR £

total RNA, DNA primer, One Step SYBR® Primescript’™ RT-PCR KIT II Perfect Real Time (TaKaRa)
% V>, Thermal Cycler Dice® Real Time System (TaKaRa) |2 CEH PCR Z1T-7=. EBRIZHEH L7
77 A ~—% Table 2 |Zx9.42 CTS5 47,95 CT 10 B THIESILEIToT2DH, BVENZ
95 CTI10 B, 7=—V > FBIOMHENKIEZEZ 60 CTT30 D2 A7 v 7IETS0cycle{To72. &
EHEIZA ACE 2 HW .

6. Western Blot 4
a7 Nx s M7 % E T 10 em culture dish THE#E %, KLKB1 % 7213 plasmin #9124 ¢RI A{TIC
FCS % & % 72\ \a-MEM (22844 L 7=. KLKB1 3 X O" plasmin £ % O s SRS Z /0 2 100 pM
Phenylmethylsulfonyl fluoride (PMSF) , 0.2 mM EGTA, 2 mM EDTA % &4 3 % Cellytic M Cell lysis
reagent (SIGMA ALDRICH, Tokyo, Japan) |Z CIafE L7o. 7% "7 EOHIMHIZIE NE-PER
Nuclear and Cytoplasmin Extraction reagents (Thermo Scientific, Massachusetts, USA) % 7z,
Bradford #: 2 (2T, % /7 HBOFEE A i L7~ D5 sodium dodecyl sulfate (SDS) sample buffer
(new England biolabs, Tokyo, Japan) Z 1% 5 43f&#H L 7214, 15,000 rpm T 1 5yl 0o B L 7%
O EiFEY T E LT 7.5% SDS polyacrylamide gel electrophoresis (PAGE) %7 /1
(Mini-PROTEAN TGX Gels, Bio-Rad) | TEXUKEIE, IGLEE (H AT A F—4tk, Tokyo, Japan)
AL C=brete—XE (Bio-Rad) ~¥55 L7=. % D1% skim milk (Becton Dickinson, New
Jersey, USA) IZTEW T30 o7 0y F 2 72470, —KHUAZ =R T2 MRIRENKSSE, K
LA Z =T 90 RIS S 'z — Rk & LTH COX-2 fitfk (1/1,000) , i NFATcl fii
& (1/1,000) , HT NFATc2 Hiff (1/500) , Hit NFATc3 Hifk (1/1,000) , T NFATc4 Hifk (1/1,000) , F
7213 FiB-actin HUA (1/2,000) Zfik L7z, ZkEiik & LT, HRP iEifn~ 7 A 1gG HiA £ 7213 HRP 1%
AP T W 1gG BufA & fit L 7=. ECL prime Western Blotting detection system (GE Healthcare, Little
Chalfont, England) % W TR PR A EITV, X #7 ¢ /L (Hyperfilm; GE Healthcare) B2/ &
T CHAELHER LT,

7. PGE, &+

a7V NI % E T 35 mm culture dish T 1%, KLKB1 % 7213 plasmin #0124 R RTIC
FCS %# & £ 72\ \a-MEM (Z22#2 L 7=, 552 BIEH O PGE, Oy ihi % Prostaglandin E, EIA kit % >
TR 450 nm (Z351F W SLEE % MTP-300 microplate Reader (CORONA ELECTRIC, Ibaragi, Japan)
THIE L7z



8. MRIT
O HEMIT M + EHERRZE (SEM) R L7-. HEZEORKEIZI Tukey test & WV A&
IKUE 1% B L ON5% CTHRIE LT-.

wE R
1. KLKBI
1-1) KLKBI {2 X DHIMAN A LS 7 A F L PEEE[Ca i DZEAL,
b MRS, 1 pg/ml KLKB1 Z1/EM &85 ETNE D 69500 [Ca i N ER L, K
90 Bk TR L7220 Z D% IFRERGE & LIS Lz (Fig. 1A) . £7=, [Ca* i T L 7=
KLKBI1 OEEICHFEL T EA L7 (Fig. 1B) .

1-2) KLKBI (2 X% COX-2 i#fn -3 HEDEA

1 B[] KLKB1 (0.01,0.1,0.5, 1 pg/ml) Z{ER &t 2% & COX-2 A5 7R B B T8 B R A7 880
L7z (Fig. 2A,2C) . £7¢,KLKBI (0.5 pg/ml) Z{EH % & COX-2 Bin 7-I Bl &I XRFRIKFRY
L, ERR 1 REICTRORICEL, Dk Lz (Fig. 2B, 2D) .

1-3) KLKBI #li#c k% [Ca®'li E5H-3 X0 COX-2 BinFIBEINNIC S 2 5 SCHT9797 D 5§
PAR-1 antagonist C& %5 SCH79797 T 30 4rAiflel L7= b bt ffits 2 Mifa Cix KLKB1 (2L %
[Ca’']i ® L5-1% SCH79797 D FERAFRZ i S 47 (Fig. 3A, 3B) . [AIERIC SCH79797 C 30 4rhi
JUVER U 7= & N EBERS AL Tl KLKB1 12 & 5 COX-2 i#fn -3 EDOHMAIH <, Z O Iiils)
RITRERAFRICHHI S 7 (Fig. 4A,4B) .

1-4) KLKBI1 12X % COX-2 Z > 37 'F3&H L SCHT79797 D522
KLKBI (1pug/ml) % 1 FEffERH S5 & COX2 & >R 7 &3 L7-. ¥£7= SCH79797 T
30 JyAALEE L7- b B EBEESEE I C1X KLKBI1 (2 X 5 COX-2 & > /X7 G DN & 7= (Fig.
5) .

1-5) KLKBI |Z X % PGE, fE/E & SCH79797 D %4

KLKB1 (1 pg/ml) % 1 EEE/ER S5 & B2 BiE T o PGE, BI1X#N L7, F£7- SCH79797 |2 X
D 30 rRiALER L7-flAaic KLKB1 THITEA T 5 &, 8538 EIEH O PGE, A &IXER A s T
7= (Fig. 6) .



2. plasmin
2-1) plasmin JJF&IZ & % PGE, pE/E & DAL
100 nM plasmin ZWRINT 5 &, b NEEEEE FIE T PGE, EIXFEFRMERFAICEE I L, 1ERH 1 R
FIT R RAEICE L7z (Fig. 7A) . £ 7=, PAR-1 agonist Td 5 SFLLRN (100 uM) Z ¥4 25 &
[FHKAFIIC PGE, BTN L, /EM# 1 RFE CRORIEIZE L 2 0% L7z, (Fig. 7B) .

2-2) plasmin I L 5 COX-2 i#fn T RBLEDEAL

Plasmin HFIIJIZ & 0 FFEHKFRIIC COX-2 BAn TR EEITMEME | K CThRRIZZEL, UBRAD L
7= (Fig. 8A, 8B) . [AI£IZ SFLLRN 1EfI 1%, COX-2 s T3Pl EIX 0.5 W THRoRICE L, Lk
L7= (Fig. 8C, 8D) . COX-1 i#fn - F Bl &L plasmin F 721X SFLLRN #1417 -> CTb, HLICHBLEIC
KE R ERD RN -T- (Fig. 8A, 8C) .

2-3) COX-2 BinFRELUIH 2 % calcineurin O 5%
plasmin % 7213 SFLLRN #i% 6 FERIATIZ Ca* -calmodurin {KAFEVEML Y o Fe{LE% 3 (calcineurin; CN)
DB L M3 572, CN antagonist Td 5 FK506 (100 nM) THIALAEAZ{T-7-. AilE L=k b
e S CIRRTALER U722 WEE L Hele L, COX-2 B F R B EDOMENIH &= (Fig.9) . —
J7CIL-1BIZ & B COX-2 i&fm 1B % L TlX, FK506 X415 &k & 7a v 72, £ 72 FK506 B
MTIE COX-2 BinFREEZLZ DT MR DI H > 72,

2-4) COX-=2 # L RUERBICE 2% CN D%
FERITHE U 72IR E @ plasmin, 35 Y SFLLRN (% COX-2 # > /X7 B & {ei L7273, FK506 CHI
WUER L 7- b i BEESESAE C I, 20 B O R A B L7z (Fig. 10) . 2 OfE 1T COX-2 Bfs 18l

(ZIERRR D 2~ IR & 7o T,

2-5) plasmin T X 555 [K-1- NFATcl DEZNBEAT
plasmin [Z/EM 20 43 TEEWN D NFATcl % > x 7 H & & W& w7 (Fig. 11) . %72, FK506 f#1E T
Tl plasmin (Z L DN NFATcl & > /X7 B &IXD LTz,



B

RAEERIF I I TSN B R oy DAL & 3RO /T o A DRI, MRS EITT 5. LinL
plasmin <° MMPs 72 812 K D RSN EE D3 A7 A%, REERRSC B2 O £, AUGTIRIIC
B DA BRRIEO AT —VICBWTHEREEZAT 5 Y . w2 RIEL, Frf OERE
FERSC, N[22 85 LW ) R0 BN D07, MR RIEIXE R FE 2K L,
BEERFEIC@ < &V oG Y b B Y FhE S ki TV b,

b b HBEEE#E M C MMP-3 [ connective tissue growth factor/CCN family 2 O3 2 {feafE Ul iz
AEZEHET S %P £ 72 MMP-3 1% LPS HlJKiC L 0 EAE &7z IL-1B, IL-6, TNF-a, COX-2 % il 9~ 2
ZEMBHIRIEER Z R TP LV WmE L H 0, RIEIC L DIEE L AIERE L VD — At L2
HaEAL—RIBITTED LT T 7 —BORERELABRNHES STV LHZREN5.

ARWFIEIL, HBEICI T 2 RIAEDETT & KLKB1 3 L O plasmin DEIZ DWW TRET 1TV, £ D —
Ui & R 5 2 & THBER O TP THIHNICISH TE 2D TIERWNE NI BZ DL L{To 7.
b M BERSEE A BV T, KLKBL 1T [Ca¥ i D L5, COX2 & InT-& F D F /R0 B OFE B
L, £ LU CPGE EEAZEEL, ZO—HOMKK L L TPAR-I G LTWAHZ LaRmE L. £
7= plasmin [T Z 41 5 DIRERREE & L T CN/NFATcl fRE 2 LTV S ATREMER @SV Z L 2R LTz,

YT T T —EThHD Kallikrein (TR F OIEBHTIED ML REDE & LCTHRAL Y i, 20
BAFIE A HE S kallikrein family 2305 S 41, N, BHHE, MERMR, TTHR7: & CTREA S5 kallikrein |3
tissue kallikrein & % STV 5 339 —J5 KLKBI1 I3l CARIEMAL T % prekallikrein & LT
AR E A, MIEIEER S4LD 2 & THEBENIZOMR SN S ). &N OBEIC L - TR LS h
7= 5 Xla K112 & 0 RIEEORRED HIEMEL S KLKB1 & 725 Y | ikt & 2 < o
EBMIENFET D720, ZNODORIEH RN THOEZ2EE2xbND. ZThETIC
kallikrein family (/M2 A fLERICH 2B Y, 7923 7 Fo o, Yoz r7y
VoReTa L =r O Y, C3 O Y fe CiE A BRI HE Sh TR Y, EfcEE %
H# & L CE5 1 kininogen 2> b RIEFH RN T T K TH S bradykinin ZEET 52 &P BNasiT
W5, A I BT, KLKBI 13 PAR-1, 2 241 L T A Disintegrin And Metalloproteas-17 %
TEMEL S8 INF-aZ W S8 25 Z LM ST Y * |, kallikrein family | % kinin FEAEREEE & 1351]
DAH=AL, DFY PARs Z#RH L TV 7 IHUREEERT H 2 ERHE I 9%

PARs |ZiFEMA LT 2 2L T [Ca i N EFTHZENMBLNTEY, BIEE TIZ 4 D0 subtype, 3
7205 PAR-1,2,34 WHER S, ARNO S F I E M CHERIN TV 7Y b MRS M
IZB T D PARs DIEFITFE %< #7238 5 73, [Ca* i 25 B9 5 DI PAR-1 agonist © SFLLRN 7
TdhbHENIHEONS [Ca®'li DZEALIE PAR-1 HEHLDOIEED —o LB L EZBND.

AAFZEIC Tl B MIN 2 KLKB1 CTHIBE4 5 Z & T [Ca® i EH- L, g% 2 HyCce—2
IZEEL, ZD%DHLMIT LT o 72, F72 PAR-1 antagonist T& 5 SCH79797 THIMLELZ1T 9

8



Lo[Cat i ERIIA SN o2, 2D L1k W KLKBI 78 PAR-1 ZiEMAb4 % 2 & T [Ca®']i 2
PRI EEZH LML

PARs {&EMEALIZBER AR (Pancl, T3M4, 3xPC3, MIAPaca2) *” - IBO Wi atk(Caco-2) ) - H
AR (MKN-48) * Lo 7ok 2 fiiiE C COX2 ZRBLE W5 Z &b b b iifliss 2
FalZ 3BT H PARs DIEME(LZ 1 LT COX 23575 & {RE L, KLKBI1 35 £ O plasmin (2 & %
COX-2 DFEETB LK R EHRBUZHOW TR LT,

b N HREES AN 2 KLKB1 CTHIPET 5 & COX-2 DBl R & X L3 7 EENHIMN LT3,
SCH79797 {2 X 2 AMALEEIC KV, W ORBLIINH S iz, ABFFEIZ L Y KLKBI 2% PAR-1 Z &AL
L,[Ca® i @ EFNFIEHEZ S-S, COX2 Z RS- 2 L HEZR S 7. Plasmin &
SFLLRN (T 3EIZ R K FAYIZ COX-2 nFIBLARIE L7223, RBLEN B — 7 ITET HRERHI0R
BIp DGR & 72> 72 (Fig. 8) . Blackburn & *” |, thrombin & MMP-1 % & (2 1f % PN R AR C PAR-1
L CMAPK O U VR L ZEET 525, MMP-1 DIE ) DNEND Z &b, B n v 7k
4B AHEME 2 RIR LT 5. Kamio 5 *”1% plasmin & SFLLRN @ [Ca*]i (25 % 5 8% /it L,
plasmin /& SFLLRN KV BN CE—ZIZETHZ L 2HRELTEY, BEOEY— 7 BNELRHFER L
725 = DX, PAR-1 TEMERFIC BT 2 VIR O A HEIC L DRI ERD [CXlioE—7 0T haEL S
H, BRIEGIICHEEL 5 2, COX-2 B\inFDORBFFMN R D Z L BRI TV 5.

PGE, 137 7 % RV D COX IC Ko THEASND T I WNAT 4 =—% —T, MEFZRIEDTT
HECHRIEIEA 28 LI RENINICIE R T 2 b CEERKNTOONE S TH 5. MEOHMIEERE K
R T H T F K7 U it MRS BV TR ERAFRYIC PGE, A NS E 5 2 &
VR, MBS OHEFTITHE S BERLE 12 PGE, BN INY 5 2 & %2 |, Bradykinin SCAJEVET A k7
A > @ IL-1B, TNF-a2 i BEAIE C PGE, FEAEARAET D 2 & Y 20D b, PGE, Wi RICB W T HEH
TWRRE 2 S TN D Z ERHEER SN D, KIRSE PGE, RIMEESFEOR ML S b b
D, PGE, PEARAHIET 2 Z L ITRBMROERL LT DHENZD.

AAFFEIZIV T KLKBI (T & b il C PGE, &% H S, SCH79797 2 L % AifflLE Tl
PGE, O8N Z M L7=. 9 72iH KLKB1 IZ PAR-1 {&ME LI X 0 38 L 7= COX-2 4 L T PGE,
BPREATDH LB Z HiLDH. F 7o plasmin & PAR-1 agonist T& 5 SFLLRN (3, b b sffks 2 Mg CrREf
IKTEHIIC PGE, 28N &4, /B 1 B CTHRORIZE L 72, Kamio 5 2 %, plasmin 73 PAR-1 /1 L
THEH 10 %9 CHEZE BIETICPGE, W H S D Z & i Uiz, ARMFTECRlsd B Lz R A7 %h
RITHIEIZI 1T D COX DFEAL & ZHUTtE D PGE, T 1, plasmin |5 PGE, % #lIE 7> & g S 4,
X DHIZ COX2 BN BLEEAET D LRI N5,

ARFZETIE, B FEBEEEMICB O TC[Ca™ i EROFERAE Uz COX-2 FHIT CN 235 LT
V% Z & % CN antagonist T& % FK506 Z VN TH 57232 L7= (Fig. 9). CNEfilif -7 == = >~ k (CnA)
BILOHHE Y7 2=v  (CnB) THEAL S, Ca® 38 L ¥ calmodulin 234 L C H il K A A >3
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T B AN D 2 & TRlENE 2 F489 5 P L FK506 13HI PN T FK506-binding protein & ¥4
KEIEHK L, CN LHEAT 5 2 & THESNRZ L7263 Y . FK506 (3 HM T COX-2 # i HIL &2
M9 2 2 & SRR SERI L T Sy Y, AREFZE T 2 OFENT D TSRS b, CN
DIERY & 2 7 & L CITBEE R 1 NFAT 23 FZEDEA TR Y, A RO R TIX
Ca”"/CN/NFATc1 & #7% COX-2 FEHUTNH L T2 Al HEMEAS RIR S Hu7=. CN/NFAT # %/ L7
COX-2 FEELL, b MIFHEMRPN R H A T vascular endothelial growth factor *® 73, K5 F Sk
7 CIX phorbol ester (PMA) 2 X D1EH 72 ESHE &, RIEFST T < EOHEITT~D R 5% 7R
LTWD. 26 OHEIEL NFATel, NFATe2 & 9 ik - 2 E 12 K 5 isoform D53 40 DAHEIL S % 73,
WD CNIZ K > TIEME(L SN2 S THHETH 5. 41l BN NFATcl O ¥ > 737 E &% Western
blot {EIZ TR L7223, & MlfEEZEMIRIZ IS 1T B 1FH D isoform DAFTE S iR L NFATcl OFEBLE )
KbEholz (F—2KEH) . WTFHIZ L TH, NFAT @O DNA FEGTEMEEBG LA D MICT 54
ERHDHEEZLND.

AHFFEIZ X 0, KLKB1 5 X O plasmin 23 &+ g BEE 28 /11212330 T PAR-1 OTEMEAL, [Ca™ i @ -
HE2g & UzmER, COX2 3Bl L, PGE, ZPE4ATH Z L W 5 L7z, %7z plasmin |3
COX-2 #Hi, 35 LU PGE, FEAEIZH5 T CN DiE Ak, NFATcl O Y ER{IZ K DIEENBAT 2% T
WA Z EEHH L. 22 F TOREL S KLKBI b plasmin [AEE CN/NFATcl # #5112 C, COX-2 D%
B L OPGE, FEA #FFE T A AREMEN H 5. £72, KLKBI I plasmin ZiEMALT 2 20 Z &b,
COX-2 F&Bl & PGE, FEAICH W THRIEH O & 2 F52 L R I 5. COX-2 FEBLIL PAR-1 DFEEL
IHEKAFT 2 B2 bND729D, PAR-1 BEICBA G T 2R+ 2K T 2 2 L NS HOMFRITITEET
boEEDbNS. ZHH D PAR-1 20T D HE ORI IR EORINTEHO B & 720, Hik
fE, = L TIEES T B L W O BRSO 0 REIRIROIER & DR 5 LREEN 5.

A I, “Kallikrein promotes inflammation in human dental pulp cells via protease-activated receptor-17

(Journal of Cellular Biochemistry #&# &) LW “t Mk MEIc31F % plasmin (25 %
calcineurin /7 L7z COX-2 %81 (A ARHEAHMAFFERE ) 22EFm L L, LoimLe L
TbDThHD.
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Fig. 1 Kallikrein (KLKB1) increases intracellular Ca*" in human dental pulp cells. (A) Ca®" mobilization
in human dental pulp cells loaded with Fura-2 and stimulated with 1 pg/mL KLKBI1 at the time point marked
with an arrow. This result is representative of three independent experiments. (B) Dose-dependent increase in
intracellular Ca*". The baseline level in control cells (before stimulation) was subtracted from the

KLKBI1-induced peak Ca** value. Values are means + SEM from three independent experiments. *, P < 0.05;

** P <0.01 versus control.
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Fig. 2 KLKB1-dependent expression of COX-2 mRNA. (A) Cells were stimulated for 60 min with the
indicated doses of KLKBI1, and the expression of COX-2 and GAPDH was assessed by RT-PCR and agarose
gel electrophoresis. (B) The expression of COX-2 and GAPDH was assessed by RT-PCR and agarose gel
electrophoresis in dental pulp cells treated with 0.5 pg/mL KLKBI1 for the indicated times. (C) Human
dental pulp cells were stimulated for 60 min with increasing concentrations of KLKBI1, and the expression of
COX-2 was quantified by real-time RT-PCR, normalized to GAPDH, and reported relative to the expression
level in untreated cells. Values are the means + SEM of three independent experiments. **, P < 0.01 versus
untreated cells. (D) COX-2 expression, as measured by real-time RT-PCR, in cells treated with KLKB1 for
various times. Expression was normalized to GAPDH and reported relative to the expression in unstimulated
cells. Values are means =+ SEM of three independent experiments. *, P < 0.05; **, P < 0.01 versus the

expression in unstimulated cells (0 min) .
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Fig. 3 SCH79797 inhibits KLKB1-induced increases in intracellular Ca**. (A) Representative time course
and (B) quantification of Ca*" mobilization in dental pulp cells loaded with Fura-2, treated for 30 min with or
without SCH79797 (2 and 20 uM) , and stimulated with KLKB1. SCH79797 is an antagonist of
protease-activated receptor-1 (PAR-1) . Values in (B) are means + SEM from three independent experiments.

** P <0.01 versus control.
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Fig. 4 SCH79797 inhibits KLKB1-dependent COX-2 mRNA expression. Human dental pulp cells were
pre-incubated for 30 min with or without SCH79797 (0.2 and 2 uM) and stimulated with KLKB1. COX-2
and GAPDH expression levels were assessed by (A) RT-PCR and agarose gel electrophoresis and (B) by
real-time RT-PCR. In
expression in unstimulated cells. Values are means + SEM of three independent experiments. **, P < 0.01

versus unstimulated cells; T, P < 0.05; +F, P < 0.01 versus cells stimulated with KLKBI1 in the absence of

SCH79797.

(B) , COX-2 expression was normalized to GAPDH and reported relative to the
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Fig. 5 Inhibition of KLKB1-dependent COX-2 protein expression by SCH79797. Human dental pulp cells

were exposed for 30 min to SCH79797 and then treated for 1 h with KLKB1. Cytoplasmic extracts were

assayed for COX-2 and B-actin by western blotting.
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Fig. 6 KLKBI1-induced prostaglandin E, release in the absence or presence of SCH79797. Human dental
pulp cells were treated with or without 2 puM SCH79797 for 30 min and stimulated with 1 pg/mL KLKBI1 for
1 h. Prostaglandin E, release into the medium was determined by enzyme-linked immunoassay. Values are
means = SEM three independent experiments. *, P < 0.05 versus unstimulated cells; 7, P < 0.05 versus cells

stimulated with KLKB1 in the absence of SCH79797.
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Fig. 7 Time-dependent plasmin-induced release of prostaglandin E,.
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(A) Human dental pulp cells were

stimulated with (@) or without (O) 100 nM plasmin. Media were collected at the indicated times. (B)

Human dental pulp cells were stimulated with (ll) 100 uM SFLLRN. At the end of incubation, PGE, levels

in the media were measured by an enzyme-linked immunoassay. Values are mean =

independent experiments. *P < 0.05 versus control.
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Fig. 8 Plasmin-induced expression of COX-2 mRNA. Total RNA was isolated from human dental pulp cells
treated with 100 nM plasmin (A, B) or 100 pM SFLLRN (C, D) for the indicated times. (A, C) The mRNA
levels of COX-2, COX-1, and GAPDH were assessed by RT-PCR. PCR products for COX-2, COX-1, and
GAPDH were detected (310 bp, 289 bp, and 318 bp, respectively) . (B, D) COX-2 expression was
calculated as the ratio of COX-2 to GAPDH and was normalized against expression levels at 0 min of

stimulation. Values are means = SEM of three independent experiments. *P < 0.05 versus control.
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Fig. 9 Inhibition of plasmin-induced COX-2 mRNA expression by the calcineurin inhibitor FK506. Human

dental pulp cells were preincubated in the absence or presence of 100 nM FK506 for 6 h.  (A) The levels of

COX-2 or GAPDH mRNA were assessed by RT-PCR, and PCR products for COX-2 and GAPDH were

detected (310 bp and 318 bp, respectively) . (B) COX-2 expression was calculated as the ratio of COX-2
to GAPDH and was normalized against the control. Values are means + SEM of three independent

experiments. *P < 0.05 versus control.
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Fig. 10 Inhibition of plasmin-induced COX-2 protein expression by the calcineurin inhibitor FK506. Human
dental pulp cells were treated with or without (cont) plasmin for 1 h. FK506 (100 nM) was added 6 h before
stimulation. (A) Cytoplasmic extracts were prepared and assayed for COX-2 by western blotting using a
COX-2-specific antibody. (B) The relative COX-2 expression level was calculated as the ratio of COX-2 to
[-actin and normalized against the control. Values are means + SEM of three independent experiments. *P <

0.05 versus control.
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Fig. 11 Plasmin-induced translocation of NFATc1 protein from the cytosol to the nucleus.
Human dental pulp cells were treated with or without (cont) plasmin for 20 min. FK506 (100 nM) was added
6 h before stimulation. The NFATc1 protein levels in the cytosol (Cyt) and nuclear (Nuc) extracts were

detected by western blotting using an NFATc1-specific antibody.
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Table 1 Primers for RT-PCR

Gene Sequence Product size  (bp)

COX-2 Forward 5’-ATGAGATTGTGGAAAAATTGCT-3’ 310
Reverse 5’-GATCATCTCTGCCTGAGTATC-3’

COX-1 Forward 5’-AGAACCGCAAGAGGTTTGGC-3’ 289
Reverse 5’-GCCGTCTTGACAATGTTAAAGC-3’

GAPDH Forward 5’-ATCACCATCTTCCAGGAG-3’ 318
Reverse 5°’-ATGGACTGTGGTCATGAG-3’

Table 2 Primers for Q-RT-PCR

Gene sequence Product size  (bp)

COX-2 Forward 5’-CTGTAACCAAGATGGATGCAAAGA-3’ 195
Revers 5’-GTCAGTGACAATGAGATGTGGAA-3’

GAPDH Forward 5’-GCACCGTCAAGGCTGAGAAC-3’ 138

Revers 5’-TGGTGAAGACGCCAGTGGA-3’
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Plasma Kkallikrein promotes inflammation via PAR-1 activation and plasmin-induced COX-2

expression via calcineurin activation in human dental pulp

Tomomi Hayama
Department of Endodontics
Nihon University School of Dentistry at Matsudo, Matsudo, Chiba 271-8587, Japan

Key words: plasma kallikrein, plasmin, protease activated receptor-1, inflammation, dental pulp cells

ABSTRACT

Plasma kallikrein (KLKB1) , a serine protease, cleaves high-molecular weight kininogen to produce
bradykinin, a potent vasodilator and pro-inflammatory peptide. In addition, KLKBI1 activates plasminogen
and other leukocyte and blood coagulation factors and processes pro-enkephalin, prorenin, and C3. KLKB1
has also been shown to cleave protease-activated receptors (PARs) in vascular smooth muscle cells to
regulate the expression of epidermal growth factor receptor.

PARs are widely distributed, especially throughout the alimentary system, and regulate various
physiological processes, including exocrine secretion from the salivary, or gastric gland, pancreatic exocrine
cell, motility of gastrointestinal smooth muscles, cytoprotection of gastric mucosa, and suppression of
visceral pain. In addition, PAR activation triggers inflammatory responses. For example, PAR-1 also
stimulates the expression of cyclooxygenase (COX) -2 and prostaglandin (PG) E, in myofibroblasts and
cardiomyocytes.

Plasmin, a serine protease, is involved in degradation of the extracellular matrix either directly, or indirectly
through activation of metalloproteases and other zymogens. Plasmin has been demonstrated to activate cell
signaling, suggesting that it may also participate in the inflammatory response. Plasmin activates PAR-1 to
stimulate the expression of IL-8 and release of PGE,.

In this study, we investigated KLKB1-dependent inflammation and activation of PAR-1 in cultured human
dental pulp cells. Moreover, plasmin participates in COX-2 expression and PGE, secretion through
calcineurin activation in cultured human dental pulp cells.

These cells responded to KLKB1 stimulation by increasing intracellular Ca®", upregulating COX2, and
secreting prostaglandin E,. Remarkably, SCH79797, an antagonist of PAR-1, blocked these effects. When the
cells were stimulated by plasmin, PGE, release was clearly increased in a time-dependent manner. COX-2
mRNA and protein expression, and NFATc1 nuclear translocation were markedly enhanced by plasmin.
However, in the presence of the calcineurin antagonist FK506, these effects were suppressed. Stimulation of

the cells with the PAR-1 agonist SFLLRN yielded similar results as observed with plasmin treatment.
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Thus, these data indicate that KLKB1 induces inflammatory reactions via PAR-1, and plasmin is involved

in COX-2 production and PGE, secretion via calcineurin activation in the human dental pulp.
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