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BERTFTH 2 Fo v vidibm - meEsiEs»»
THL, REPHBERE, HBBHECBVWTHRLLE
BOERERT, A8, BHEEY v <5 (RA) BE
DK ICEBREDO N Y EY—T YF oy
I ESENEET ST &P, bove v higEmE
DA EHET E 5, RADKERRKIC ho v
EYMBBEELTWAREELONTWVWS, £l Tha v
b ik 2BERBEEORF £ BT s BHT, B
BEOEERSRNT TH 5HEKED —BILER
(NO) EAICRIET to v E vOREBARN L, ¥
vRIEEREMAE 1 U/mlo ko v ey ThIgT 5 &
HERENOEA O E INOS mRNA O FIE GRS
ot —F, ZOrovyEvicksd NOES
& INOS mRNA O REEING, EANEERT NF-
kB OiEHALIERTH 5 PDTC EHE T (100 M)
TEeCIEII N, £, v EVZREODE
D Td % protease-activated receptor-1 (PAR-1) @
7I=2 MERWTY VEEEREMEEE RIB L 8
NO EEEICIIEN o7, UEDZ EMS b Y
B Vi & 3 BEEREMIZO NO EARIEIC I NF-« B
OEWALPWEETH YD, iINOS mRNA ERL XT
FHAZITWAZEMBIAL M ER >, 51T,
D bo v vick 5EEHKEMEEO NO EAFEE
b o v e v ZEE (PAR-D) DA OZEEEN L TIT
b TWBAFEMENH 5,

-
(.

€

BE%Ila RF, bt o vty (Thrombin) (1R
MRFERIE 2 b T < MEFHECHEERE, HBER
BV THRA BABERERZ/R 705, BWERETY v =
# (Rheumatoid arthritis ; RA) ## OB T Ic
SBED Y EVBFEST S LML, bovEY
HI@HEBIETI S 1< B 1) B BEETRIEICBE S L T\ 5 ATREME
e 5T, OREIREOBRERFICIE, <Yy
7 AAFa7ras 77—+ (Matrix metalloproteinase ;
MMP) Zthila& 4 2 EANBBERICLIRERED
EERAE &, EHBEEPL—B(LER (Nitric oxide ;
NO) ik XK 2IRBEEBE O IFEHIFHDOHIL, H50i
REMEOERNEEEL N LI ERRNRES S 5,

T, tevEYRE) Y REAGHEERTH D,
in vitro 2 B8 CEAEEKE OMEARE E0ET 5 C
Ep o, BEEKE OBERMIIEICBES L T 2 EJkE
Wb b, £, PovervdHEBHERICERL
NOELZRETZ I 05, rovE vaEEEE
AR LI ER L, NO 2/ L - 18MRAgiRic &
\F % BAETERE O FERERMIIRIEICBES L TV B AJREEAS
KEW,

ZF CTAME T, BERAE T < DOBEIKE DIFEE
B A=A+ 2 BT, NO EEXMlE00L>THS
TR EME» SO NOEEA T Aty EYD
VPR A ER 2 AW TRET L 72,

[(HH & TE]

1. v vBAEIREld D&

F -7 - F : BEHEERER,
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v yDY A7 5 BT X D BRERICERE L 7o BIETER
BRA»50.1%3 54+ —+ (Washington Biochemical
Corp., Freehold. NJ) AL iz T8 5 1 7 BAETEE R
210%fF41m7E (GIBCO, Grand Island, NY) 2 &
Dubecco's modified Eagle's medium (GIBCO, Grand
Island, NY) O CHBEE L P GRIREE ; 1,2
x10°#/cm?b), Z OYIRSHEBERTEE < 13 BIHR
BHROEESREIAORMRIN S CEaREsN
TWBE D, 37°C, 5%CO, DT THEISRMNIT 128
il & 24K RIRE R, HEY L — Em I EEREM
famsE LicC E 2R L, LITOERICHL /o,

2. v VEAEIKEHaD NO EEAICKRIET o v E Y
BLU vy RERT T =2 F OFEA ORRE

s SEA S N NO IS E K ¢ R myig
4 A » (NO, :nitrite) cffbah B 77cw, HEERED
ONO BE*EENET S L3RETHE, £
T Griess 2 H O TEBRD O nitrite BE %2 JIE
L, BAEi#EHias S0 NO EEDIEELE L1,

4EET L — b L -BAETIREME (1.2x
108 /em VickEAZ DRBED b o v £ v (SIGMA, St.
Louis, MO) $3Wid t o v EVvZEEKT7T T =2 b
(TRA ; CALMIOCHEM-NOVABIOCHEM CORP.,
San Diego, CA) Z7Ri0 L48kefAE &%, BEHBK DO
nitrite BEZRIE L /2o 1, O nitrite HBAETEK
BHa» SEAE SN NOHBKTH 2 0G0 2R
TL5HMNT, NOELEBEOVL>THELFEER NO
EEA B (inducible nitric oxide synthase ; iINOS)
DOFHEH], N/ A F L L-7LF¥F=> (L-NMMA ;
SIGMA, St. Louis, MO) OFEFTho vy EVIiC L
5 BFIE M ORI ER 2T VERE D O nitrite
BEZHIE L,

ToiT, borE v L 3REHEO NO E
BRI B Y 2NEERFOREIZ RT3 BT,
MHNEERT OV &2 TH bnuclear factor- £ B (NF-«
B o@E % LHEFMEM%E MR T pyrrolidine
dithiocarbamate (PDTC ; SIGMA, St. Louis, MO)
ZEBRFIC o ey LREIBRICAINL, BIENEREHE
fai» & @ NO EEAEDZEALE#RET L 1,

3 . Riversetranscription-Polymerase Chain Reaction
(RT-PCR) % A\ 7 BAE#CEMAZ D INOS mRNA
FH ORET

BAEI B M D NO EAE 1385 L XL T INOS
DOREREGEN L TITDbhTW3EY, £ I TRT-
PCRZEZMAWT b v v & v flE#IC & % BHETECE /Y
oD NO EHBREICE TS INOS mRNA OFEO

(32)

HREET LT

1.2x10° @ /em* OHRIERE T 6 SIER T L — bR
ML B E il iIc @ 2 OBRED b o v v EZR
L 6 EsfIEs &%, $RIh > RNeasy Mini kit (QIAGEN,
Valencia, CA) %\ T total RNA 2508 L /-, &
fo, MBI PDTCHEETIC o v E VRIEETV 6
MBI E %, total RNA 248 L /2, I @ total
RNA # 5 oligo d(T) 75 4 = — (Perkin Elmer,
Foster City, CA) 2HW Tz E s’ cDNA %8
B, BEEFICEENR TS A4 v—%2HWT 3-step
PCR %17 - 1co HIES N7 cDNA H1.5%7 4o —
ZFNVHNTESKER, = FVvs7o<eS FEEBEL
BNEER T I RBBEEEE L 1,

— R ICHIIEN I R I R B S TV 5 GAPDH
mRNA H3¥® cDNA 0o tmEENH I v o — L
L, B&HETICEBIT 5 INOS mRNA B3k cDNA @
SRR A WIRKRET L 7o, 708, PCREKEICAHWA Y
SA<—3LITFO#EY TH B,

v ViINOS 754 = —

sence:5'-GTGGAAGCAGTAACAAAGGAG-3'

antisence:5'-CTGCCATCTGGCATCTGGTAG-3'

v ¥ GAPDH 754 = —

sence:5-TTCCAGTATGATTCCACCCAC-3

antisence:>-AGGGATGATATTCTGGGCAGC-3'

4. FREHERIENT

FAETBKEHRIE O NO EEAE B IR L 72 6 BRIK D
¥ % unpaired Student's t-test Z WV THIEL,
p<0.01 I FHEEZEH D & L,

(k& R]
1. v VBRI E#Mzo NO BEAECRIFY bo v E
v DEE

FAETKEHIIE O NOEA ICRIFT b o v e v OfF
MAEE T 500, BEERF0.IU/mlh 5 &K10
U/ml®Fa vy Z2RmL48 R L o & 2 A,
mmlLzcre v EVYBELKFELTEEBRT O
nitrite EBE E#EML, 1U/mlllEo + o v v i
W& O EEN nitrite BEO LREAEF DI (K1),

RAETBEMATIZE L L TINOS Itk b NO EA
MBiTbhbd, £IThovE VRIBIC X 2B
B O nitrite BE D EH A, INOS ML 72 NO
EEICLZ bO0ENERITT 5HMT, INOS DA
BTharT7NV¥F=vOFKEKTHD, INOS DBEHRIE
A2 EFEES 2 L-NMMA OFAE T TREEDEE
EiT-1. #DFER, L-NMMA JEEHE FTHRESh



L-NMMA (-)
W L-NMMA 1mM

401 [ = ,| b
S 307 2
2
L
gzw a

m']NS N.S. ﬁT //
ol mx DAL

0 0.1 1 10
Thrombin (U/ml)
X1 v vBEfitkEMmiao NOEAIKRIET bo v
YD
RAI0U/ml @ b o v & vEIEIC & 0 B
@ nitrite BE ML, 1U/mIbdtobo v
YERIMC & 0 FEIS nitrite BEO EHEZ D 1
(NS=not significant; a: P<0.01 vs. control; b: P<0.01
vs. thrombin treated cells with L-NMMA),

fob o v VRIBIC X AREBKE T O nitrite BE D L
FiE, bovevERECImM © L-NMMA 250
T LickERIAEINL (M), THbB,
he e R X B ERERE SR D O nitrite &
BEoD L, INOS ICEE L 8B H#ian NO FEA(E
HBILEZbDTHAIEAHAL,EL -1,

EC, b YEVEERDO O v EVREEENL
THRRIC Y 7 F v EL TV EY, 22T, +o
YEVREREDD & D TH B protease-activated
receptor-1 (PAR-1) 7 =2 + ©&% % TRA %8
ERROEBRITHRML, WEMEO NO EEI Kk
FIEEEREI L, bovevick o BB
oD NOEEREIMLTWAY, torvevEs
K7 T=2bTdhHs TRA ZHFAKI00uM FTHEML
Thd, REMBEERDO nitrite B 13 IERIMEE &
HRLTEREAEEL LR -1 (B), THDB,
Mo vE BRSO NO EA 2 MM ¥ 3
M, TOBRBIC I VEVEEKOVESTH B
PAR-1EBEE L TR WHETEEHE A X U,
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2. BHEIREMEIO INOS mRNA Fi#icKiFd b o
VB VDS

RIEMEY 4 b A4 VRIS & 2 BEERBERO
INOS /& DT, B L N TOFEEIAZIF TV
o [BRIC b o v vl &k 2 BAfEREMD
INOS FE IR L 72 NO EEAE(ZH# & INOS mRNA
DRBEREH 2N L TV B uJpE NS 5, 22 Tho v
Y EE FTOREREHRD INOS mRNA OFH
% RT-PCR &% H WV THRETL 12,
BAETEREMIRE A ~ o v v v HIBT I 6 BT,
Fo N7 total RNA 2 5825 L 72 cDNA % Hig |
ekl A, Az v bo—Tdh 3 GAPDH mRNA
BERKIOU/mlO oy EvE2ENLTs20ORE
BICKERE(LZRED 1 - 7285, INOS mRNA ©
HEBRARMLAL o vy ey OBEEREELTHL -
KHEEIhTO (M2),

b5, o yE vl ks BEREERS S
D NO EEA 1E, INOS mRNA O REFHE 4214 1-
INOS IZKFE L TV B AREME SR & 1172,

iNOS

GAPDH E g ae—a—

0 0.1 1 10
Thrombin (U/ml)

X2 PBIEEREME D INOS mRNA FEICKIFS +
o vEvYDREE
v VEHETEREMIEAE b o v VR IS 6 BRRY
HET AL INOS mRNA OB b v E YD
BEICKE L THS hIctEma it uis,

3. bovEVICKZBEREMEL S0 NO EA
KB BNEER T NF- £ B 0&E|

IL-1 7 EDH A M A4 v OMBEN~D Y 7+ Vs
EWEHEIC B VT active protein-1 (AP-1) £ NF-x B
8 EDKRA BKNEERTBEES N TV S, IL-157
BTtk 2 BAETIE MO INOS mRNA REIFH4

£ v VBB NOEEICRET o v e v BL U o v B VEEKT 7= 2 + (TRA) ORE

Thrombin Nitrite P TRA Nitrite P
(U/ml) (M) (uM) (uM)
0 0.82%0.22 - 0 0.821+0.22 -
0.1 1.240.25 NS 1 0.61%+0.18 NS
1 5.1+0.67 ok 10 0.33%0.20 NS
10 | 32%13 ** 100 0.30%£0.14 NS
(NS=not significant; **:P<0.01 vs. control)s

(33)
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40
0—0 PDTC ()
o—=e PDTC 100 yM —
30
=
2
2 20
5
10
st
0 = ——
0 0.1 1 10
Thrombin (U/ml)
B3 NF-xBiEH/LEER PDTC FETICB T 2

BIEER BB NOEA RIS o yEVYD
-7

100 M PDTC 2FEIEEicHiMT 2 & br v E
T & 5 BIETEE MRS BIR T O nitrite BE O
FREES IS s (*P<0.01 vs. thrombin
treated cells without PDTC),

() )
(100 uM) 0 U/ml

() &)
1 U/ml
Thrombin
NF- £ B /E#H:ALIREHR PDTC EET BT %
REETERE ML D INOS mRNA HFickiFd b o
YEVDE

1U/ml 32 i310U/ml © + o v & vl
D FE SN ZBEFTCEHEO INOS mRNA 3
B, 100uM PDTC ORIEHCRMIC L VS
MIHIE & Lt

() (+)
10 UW/ml

PDTC

X 4

2k, TONF-xkBAREERREEZBELTVWEI L
BB Loy Vg X A BEERERES SO

NO BRI & NF-k B 0BG NEZ oh B, £
T NF-k B 0iEHALEER TH 5 PDTCEE T T,
BEEf#CEMIlaD NO E4AB & 00 iINOS mRNA HRHo
RiEdT bo v yopBERit L,

£, 100#M PDTC 2@EBRICIHRINT 22 LickD,
bo v VI & A BIETIKE IS B T O nitrite BEE
o LREFEL g E N (K3), £z, KEMED
iINOS mRNA #EickiEd PDTC OEAARET L 7
LA, 1U/mld50i310U/ml @+ o v e vl
6 M) Itk b FEX N 2BIEIKEMIED INOS
mRNA FH3, 100xM PDTC ORI & b
B S il x T (4,

THbE, borre Rl k3 BEEKRESEED

(34)

iNOS mRNA OREMEE L U INOS ITKFET 5
NO EA ORI, MiarEREREE L TN
BERF NF- £ B O7EH{t2 M LT3 aHEE SRS
nt,

(£ &)

) YREBANEBERTH S bo v v RIIVMRP
) VSRR, PR CoMilaRE TS e bR E VK
Digs h, BEZRO MalTFELTI74 7Y/ =75
vET 47 ViCEERT ZEMY TS, MMROKS
E BESAIVIMEOMNM L £5IFEIL, MK
B2 MR & W » oM EEE 7 2 & — FIRIGIZ B
WTEERBEAEBRLITWS, &5 revidi
WEE RIS b ME N MRS EfrieRE, e
fHRa s & A iEMAL L IMEFRECMEFED 5 VIEHE
Rk, MEIEE, RIE BIREL RE 7oA
< — RS EREA ILAEEEN S 5 WVIMREERNSHRIC
BAG.L T3,

& T, RA BIBEMIELHHLE T 2 18HAFEER
ETH5H, BEACEHESERE SHRLT
RA BZOMEKPCro Y EY—~F v F bavEy
NI EEEBPEECENLTVWE T EMEY P, RA
OFRBEFERKIC e v EVARIOHDBREEELI TV S
EEZ LN B,

ZOHEIKDVWT, hovEvrMmERNKHEEOME
RIBEABAA L MES B 2ITESE 5 &0, ME
WM A E L oSS T ORE %= EE L HEMZD
MENEAEANOBEE LR~ OWEEZ(RET 5 &
MmO NovE v RABEREKED 5 VI
BXHTVWEEEZIOND, Tk, o ryEUIER
fkaD IL-6, granulocyte colony stimulating factor
FEAARET S WP, MVMRERIERTESE%E
LU CBEMmAOERE (v X R ZRIET 5 C
LWp 5, RA ORREERIC b o v v v SEEAEE
ZEUTVAAREE SR Z WY, X5, tarvEY
Rt ) Y REOSEBERE L TREREEOFEERS T
HBTOFE SN v ORRR, GEERRELZD,
WEMECER L MMP O&RREEET 5 Lick
@B BEETKE OBRNIFEECES L TWwa EEL
5N b,

T, KA FTOREEKE OBERR IR L
REEEOBRVEEICINA T, NO KX 2REHE
DEENREECEETH 5, BEHEIUE OBRMIIRTE
AT Ao cBEEREMRAR IS -9
TN AH IR EOMEBAREEEEL TV AN, RIE
B CEA SN A EIBE O NO (& BBE &/ ©



TN EEEAZINE L7 0™, EAEIRE HAE O M5
ZHET BHERY, BEHRKEREOMBH 5\ I3HE
DB Vo K IENBREE S a g B3, —F, EBHE

R E 7 VIC INOS FHER 254 5 &, NO EAH
FORR, MAFETER MR & NBIETRKE OHEH
flahz®, chETcrovErydEAOMBEIIBY
TNOEEEZFAMT A EBMEINATVLE T &b
5, RIE MicB ) 2 BEIRE D NO 24 L - ERER
FIBREEIC S b o v E v HEEE LTV A EREEA A X L,

AHEICBVT, BAid o vy HEERSmk
WAER L INOS mRNA ORBEHELE A/ LT NO EE
DOIUEES|ER T EEBOMIc L, $H, D
ho v ok 3BEREHEO NO EA I,
MRAE R ERE S L TRNEBERT NF-£B @
EHLEN LTV BAERER AR L 12,

PovEvicks NOEARSKECI, tov
EVRBEREA U EEN S ME N M
RO NO EAME L, tovevickaThs
DOHRED T~ &Y v EEEMEEE A U fo RN 75 BER
oD NOEALARENSHD, borEvida NODE
BEHEA T & 2 METLFRIER © M/ MR EEELER 2 5B
LT, MERM/MIEELEFEE L TWaMn, —3%,
MR I IR R RIC B 1T B EEE MR S LT,
SRERAME 72 & DRIERIHIC & 0 REEMS 1 b A v
TuRy A NEEELFOREBICEERGIEED
TW3H, bovEvidd oMEEMmET S/ERL,
NO EA AT 5 &BMEINTVWAB Y,

bovEVYREASEBZEELTLo VE VEEIE
O N KIEEMRST 5 T &1 & v fla% ERLT 328,
DM VYEVERER THEEEE G BAMES
FRCBLEASRERICLDERILSNE 0
protease-activated receptor (PAR) & Eidh 3,
PARD>b b e v v REBHTH S PAR-L, -3, 413
BEZ ISAMREIE B R L TV 30300, JEREHRA DR E
MBI PAR BREL TOEHhELH LA T,
ZDH 744 FHRIEIN TG, LHL, EEM
fa-eikEHila & 6 URERMIETH 2 MM B
FMaH 2 W IZHERI XiIcid PAR-ISRBELTW A
T &b, BEMERECREMEERR LI PAR- 1A
FELTVWBAkEHRRSH 5,

PAR-1%&/ L eI~ D > 7 F Vg & L
T b ey EvyhAfEHT sMlaeER s s Kt
KoTRIEBN, Sre 773 —=Fovr) vE{LEE
ROIEHAL, 7ART77FINA =3 ) Vi
(IPs) V) v B LEEFR O EHEA(L, mitogen-activated
protein kinase (MAPKs) DOiE#H:Alis Ensdh 510,

Mo v EVIC K A MBS 5D NO EEARE

(35)
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K2WTiE, [HEVMEXBHVRED»S, tovey
& 2 MEBMAROMENEREREE LTERY
v BR1LBER C (PKC), MAPK, B NEzERT NF- £ B
OFEHALBEES N TV EYW, F1z, MEBMIaEE
213 PAR-1OBEHESHE SN TV 385, PAR-1%E
WHNCEMALT 2L S h3 b v BV SHEET I =2

P (TRAPERVERF2S, bovEvickaM
BEBMED NO EAREIC I3 PAR-1TIR S {, B,
AR PRSI B W CEIE = 7172 non-PAR
oY EYREROBES bREEN TV B,

SEloFK A OBREFTH PDTC OFMcL Dy + o v
Evick 2 BEKREMIE, S0 NO E4A, iINOS
mRNA ORENE b icliflsnizl eEnd, boy
€ VRl & 2 EERE RO NO BEA I IR
ERF NF-«B OEHALBEETH B L EZ S,
UL, MEBMEREIEC bo v e v SEKT I =
2+ (TRA) b0 v ryofb v icHVT b EHEIR
HHEO NOEEREEs LB o1, THbB,
BAENERERERE T & M BHIAE & [E#EI1C non-PAR + o
VEVEBEENEEL TV AEEEESH B, T4, b
oY EVHREE EERTFOERLCRRICHET S
EVIREYSH B,

AR TIR, +ovE ik 3BEHKREHEED S D
NO EEAE B %5 PKC © MAPK ORASIC> VT i
BETET-> TV, F1, BIEREMEREIC PA
R-1MEET 22 ED, 5V non-PAR b v e
VEBENEET ADhEPICOVTORETHY, &
BREFALBREIDLETH B, L LESEIOBRITTH,
o vE v BSEEREHEO NO EA 2 E#ET 3 C
Eb o, BURETICB T 3MEREORE VT
BEROBEEI S 0 TR IBRNEECBV T LEE
BRENEEEUTVEZENELI L -1,

(¥ 3&

1. terEvidy vEEKREMIED INOS mRNA
DEEHE AN LT NOELEEREL TV, 0D
NOEAREICIE M v E VY SEKRTH S PAR-113
BEE L TwWisw s HEREI N,

2. borvevHRREIIREMAD NO AL (e L,
BRENERE OhfEIc EE L EE 28 U TV 3 A REEAUR
TNt

€I

COWEITT L TEL O THREATEW 1 BEARSE
BEOEHE—CECERELTIHMELEL T,
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Effect of thrombin on nitric oxide synthesis of
bovine articular chondrocytes in vitro

Hisahiro Yoshihara
First Department of Pathology, Kobe University School of Medicine

Clinically, thrombin (Tb) -antithrombin III complex levels in the synovial fluid of
rheumatoid arthritis (RA) patients reported to be markedly elevated. It was shown that Tb
induces the release of proteoglycans from articular cartilage, stimulates proliferation of
synovial fibroblast-like cells. These findings, therefore, suggest that Tb plays an important
role in propagation of inflammation and cartilage degradation in RA. Nitric oxide (NO),
which is implicated in the pathophysiology of the arthritis, is reported to reduce the
extracellular matrix synthesis of chondrocytes such as proteoglycan and type-1l collagen in
articular cartilage. Also NO induces the articular chondrocyte apoptosis. These should
cause the deterioration of functional property of the cartilage matrix. Therefore, in order to
examine the role of Tb for evidence of cartilage degradation in inflammatory process, it was
determined whether Tb induces the NO synthesis of articular chondrocyte in vitro. When
articular chondrocytes were cultured with Tb for 48h incubation, promotion of NO
generation was observed in a dose dependent fashion. Over 1 U/ml of Tb induced significant
increase of NO synthesis in the articular chondrocyte monolayer culture. When using
RT-PCR to detect the expression of mRNA, the intensity of amplified PCR products from
iINOS mRNA correlated to the concentration of Tb induced NO generation. It is reported
that intracellular signal transduction of Tb is mediated by nuclear factor kappa B (NF-« B),
and 100 M of PDTC completely inhibited NO generation of articular chondrocytes and also
reduced INOS gene transcription by Tb. However, Tb receptor agonist specific for PAR-1
receptor had little effect on NO generation of articular chondrocytes. Thus, it is suggested
that regulates NO synthesis transcriptionally by the activation of NF- kB in articular
chondrocytes through a PAR-1 independent pathway, which suggest that Tb may play an

important role in cartilage degradation in inflammatory process.
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