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AT DY v 2 ZBAOVEDTH AL TNV VBIEN-7 X FIN-D-F)VatI e D-FN
rOvEBOBDE UL DA EMSETH 5. EERPICIESMBEFLE LTEL A LT
WM, BIEIRICIIEBE CTHA L T\ 5. RAEHBIEE CIIBEiRthor 7 vn U ROBEET
DESFADEI B EHBMESINTNS. 22 CHSKECHEET 2ERRLZICEH L, #ER
IHIEBITFHEe7)O CEEOKRE, R 7)o U BOBEZESFFREEDPHIEOMEEIC KXY
FEIZOWT, invitro EF)VRERWTHRE L. RIIZETIX, & MEIEMIED 72 3 F BRI,
Zw MEFERIC K 20 BHIRERESME, NUZ v MEPFEROZR—1—F XA F (O,) PELER
FEETIVE LTRHWE.

LLe MRBEMRO7 S F R BREBICNT 2 7)vo Y ROMEER

RIELTORY TS VO VIBRICEAELTED, 7F RV BREITORSI TS VO VER
FRAIEMACH B, 2 THBEMEO ['C7 ¥ FUBIERY VIREDP SO [CI7 S F F UEE
BECHT 27O BOEEERE L. EPIVOVEEIE TS OX = VRIBL = AR A
K50 [“Cl7 5 ¥ F VEEREE, IS# 1 h DRI L. CoMmBIRiRIZ e 7o o BREE
BRUATFEIMKE LTWED, BICHEOAICERNT 26D TIE R0/, E7hn VRIZEE
gL PHI 72 2 %=V OB REY T, ERBEMRICK 2 ['C7 7 F F VBER DAAIC
HEBE LRI R, E 7O VRRICE D [MCl7 5 F R U EsinElE, Mz vy o L-4
A7 74 TA23187 THRIBLEBBICOROONE. chsoZ e &b, e7)vn VRISHIEE
BT BHRZAR) NR—LERICEER S AP RN,

2. 7Yy MFHRRIC LD UV RTREREBLIFBICNT 270 BRONGEER
FAEVEBAEIAE D R T H 2B HMRIL, HAMICILRE L rhRICERT 5. 2 2 Thifgt
TVaAVI ) AVGEEERL LRI K 2MESFRICNT 7 vo rBROEER
18 h¥ CHat L7z, IFHBR%E cytochalasin B #7E ¥ N-formyl-L-methionyl-L-leucyl-L-phenyl-
alanine (FMLP), opsonized zymosan, 12-O-tetradecanoylphorbol-13-acetate (TPA) E /=X Hh V> v
Lh=AF 7 %7 A23187 TRIET 2 &, WEHMRIIBECRES Wk, mb S n = iFhikic
X ZMBAMRIT, 70 VB LD BE RS FRRGT WICIGlZ 7z . Opsonized zymosan
ERWERS, BOFREE7IVO VB (M 28x10°) XIREHEEIIHE T, o FEL 7LD
V(M 2.0X10°) IZHENREN 2 W ESESERAKLE R LE., POAR SR EKICH
LTiEer oy BIZMEIEMZREEPo /2. E7)vn Y BOKMEN G HMRMEICERE T
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HBHLEILND. L7V DO UV BROWRE MG /S5 — 2 1&, opsonized zymosan, TPA KU
A23187 ZRIFH & LTAWEHE, HILIEM L TWi=. FMLP/cytochalasin B % i W/ 54,
E7va VBRI ESEE DRSS 1I8hMH LE. e 70D Y BRI HERA O HIFMLP O
BEICKEYY, £270 FMLP TRIB L2 BKICHN U THIRES RMEEHERLE. &
nNsozeLberio BoMBERCE, MECRERYT 230IImE, MEUANOMEIC T
TOEHENREAH 2D LHRIND.

LY MNFRROR - —F ¥V A FEECHTIEERBI- EhERET0 T
VG, BEiMESRUTE7 VO Y BRORE

FAEVERIEE I B\ CRIMIEN R U = PR O A 3 2GR RIL, RAMEMRI 0 LiE 4
OEERSZ 5. BEHRERAICIIBEHRFORET DTV v (Ig) WEBRAD LN, BELE
FFREROWEMAL ) HY R RoTW3., £FIT IgG, BEEMATL 7 VD VBIC K 2FHEKOH
AREILED, BEH PO O, BRI RIFTREBII OVWTHKRE LA, BEffiPIcidEmcI—
FENTZIEG LHB LT, IFHIRO O, BAZRE T IVENELET I LERWELE. 20O
O, EXREVEIRS TTHD, MRUBIINT Z2RER2IMELY 2F VEIEH 2D
glycoconjugates T 2 LHEEI NJ=. [gG RUBEEHHR CRAI— M 2RICe 7)o Vg% 4t
FIED L, BEMPRD O, EALPMGIENZ. X% 7o RELIEE, g6 KU
WTa—b LGS, KNIgG a—-MERZET7NVD VEBTERLH LUEIES ISR, B2TFEE
Ta R (M 20x10°) A0, EEERMHEILE. WThoBE<Ted, BEREE2L 7 VDY
B2 (M 2.0x10°) CHLIET 2 2 LIC L 2AFHERO B MHITRD S hladh oz, Thbpz e X
b, E7NVO BRI [gG RUBIENE R D 1gG @ik O, BEE(REME O RS 2 MHIT 21,
HDHVIEREI— SN 7D VBHPEENICHFRIRO O, EEEZMSIT 2 Wi R &
niz.

LIEDHRE D, RIEOERICE HRIMBEEGHFIIN LT, G TRET IO VERITHMREN
RIEREH D O LEZIONS. BAFEL VO VEEEARIRAKENE L LTIES T3
EDTTRETH 2. RAEIC & S D BEOBIFIR A ~NEH S 0 2 BT 1 b hA Vi, Bk o
LD UBRAERERETZIEMHISNTVWS. IhSDHRZRIREDBEEEBROVLDOTHD,
EHROEHEEHFHERO—RTH 2 LHERINS.



Summary

Hyaluronan (HA), a component of extracellular matrices, is a linear polysaccharide composed of
alternating units of N-acetyl-D-glucosamine and D-glucuronic acid. HA is secreted from some
organisms and is found in the highest concentrations in soft connective tissues, especially in joint
synovial fluids. In inflammatory arthritis, the synovial HA is reduced in concentration and molecular
weight. This study was undertaken to elucidate the role of HA in the synovial fluid of inflamed joints.
Effects of HA with various molecular weights on some of the cell functions responsible for
inflammatory arthritis were examined in this study. The attention was focused on the in vitro effects
of HA on the release of arachidonic acid from synovial fibroblasts, neutrophil-mediated cartilage
degradation, and the superoxide release from neutrophils.

1. Inhibitory effects of HA on the release of arachidonic acid from human synovial fibroblasts

Prostaglandins have been implicated in many features of inflammation. A substrate for
prostaglandin biosynthesis is free arachidonic acid (AA) from phospholipids in plasma membranes.
Therefore, the effects of HA on the release of AA from phospholipids, which was induced by the
action of bradykinin to the synovial fibroblasts of osteoarthritic patients, were examined. HA inhibited
the ['*C]AA relcase from the prelabeled synovial cells stimulated with or without bradykinin 1 h after
incubation and thereafter. The inhibitory effects of HA on the ['*C]AA release were dependent on the
concentration and molecular weight of HA. However, the inhibition of the ['*C]AA release by HA
was not merely due to the viscosity of HA. HA did not affect the specific binding of ["’H]bradykinin to
the cells. The [“C]AA release induced by calcium-ionophore A23187 was also inhibited by HA with
a high molecular weight. In addition, HA did not affect ['*C]AA uptake by the cells. These results
suggest that HA with a high molecular weight suppresses the activities of membrane-associated
phospholipases.

2. Inhibitory effects of HA on neutrophil-mediated cartilage degradation

Inflammatory joint diseases are characterized by the degradation of articular cartilages, which is
partly mediated by neutrophils accumulating at inflamed sites. The effects of HA on neutrophil-
mediated degradation of the cartilage were examined for up to 18 h in a coculture system of rat
peritoneal neutrophils with the cartilage of bovine nasal septa. The release of sulfated gycosamino-
glycans from the cartilage was markedly enhanced by the neutrophils which were activated with either
N-formyl-L-methionyl-L-leucyl-L-phenylalanine (FMLP) combined with cytochalasin B, opsonized
zymosan, 12-O-tetradecanoylphorbol-13-acetate (TPA) or calcium-ionophore A23187. However, HA
inhibited the cartilage degradation by the activated neutrophils. The inhibitory effects were dependent
on the concentration and molecular weight of HA. When the neutrophils were incubated with
opsonized zymosan, HA with a higher molecular weight (M. 2.0 x 10°) inhibited the cartilage
degradation for an incubation period of up to 2 h, but HA with a lower molecular weight (M_2.8 X
10%) did not elicit significant inhibition on the cartilage degradation for up to 18 h. HA did not
suppress the cartilage degradation by the neutrophils which were prestimulated with opsonized
zymosan. The increased viscosity with molecular weight of HA may play a role in inhibiting the

3



activation of neutrophils by opsonized zymosan. The inhibitory pattern of HA on the cartilage
degradation stimulated with opsonized zymosan was essentially similar to those with TPA and
A23187, as a stimulating agent of neutrophils. When FMLP/cytochalasin B was used to stimulate the
neutrophils, HA samples (having different molecular weights) inhibited the neutrophil-mediated
cartilage degradation for not less than 18 h of incubation. HA did not affect the binding of CH]FMLP
to the cells. In addition, HA inhibited the cartilage degradation by the neutrophils preincubated with
FMLP/cytochalasin B. These results suggest that the inhibitory effects of HA on the cartilage
degradation by the neutrophils are not only due to an increased viscosity of the medium, but also due
to a direct modulation of cell functions.

3. Effects of surface coatings with immunoglobulin G, synovial fluid and HA on the superoxide
production by adherent neutrophils

In inflammatory arthritis, oxygen radical derivatives, which were produced by activated neutrophils
in inflamed joint, play a major role in the generation of joint tissue injury. Immunoglobulins in
synovial fluid are trapped in the superficial layers of articular cartilage in inflamed joint. The trapped
immunoglobulins on the cartilage surface activate the neutrophils attached to the surface. The effects
of surface treatment with IgG, synovial fluid and HA on the production of superoxide anion (O,")
were examined with the adherent neutrophils. IgG and synovial fluids from patients with
inflammatory joint disease synergistically enhanced the O,  production by the adherent rat peritoneal
neutrophils. A gel filtration study indicated that the neutrophil-stimulating substance in the synovial
fluid was a large molecular substance and was inactivated by digestion with both proteinases and
O-glycanase, indicating a glycoconjugate with a mucin-type sugar chain.

When the surfaces were treated with 1gG and syovial fluid in the presence of HA, HA decreased
O, release levels from the adherent neutrophils. The surface treatment with HA having a high
molecular weight (M. 2.0x 10°) prior to treating with 1gG and synovial fluid resulted in an inhibition
of the O, production by the adherent cells on the surface. The O, production in response to the
surface-coated [gG was also inhibited by subsequent surface-coating with HA of M, 2.0X 10°. The
number of surface-adherent cells was unchanged after the surface treatment with HA of M, 2.0 x 10°
in all cases. These results suggest that (1) HA inhibits the surface-depositions of IgG and the synovial
fluid component, resulting in an inhibition of the O, production and, (2) the surface-coated HA with a
high molecular weight directly affects on the adherent neutrophils, resulting in an inhibition of the O,
production by the cells.

Results obtained in this study conclude that HA with a high molecular weight elicits a tissue
protective function against the tissue damage induced by inflammation. HA with a large molecule may
be considered as an endogeneous anti-inflammatory substance. It has been reported that HA synthesis
in human synovial cells is stimulated with inflammatory cytokines in synovial fluids and hyperthermia
in the inflammatory reaction. These phenomena seem to be a natural recovery process from
inflammation, and HA plays an important role in cellular homeostasis.
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MEA N w2 RABSOVEDTHBETNA LV BIIN-7EFNV-D-FVadIed-FI
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BeBEHEETHIHMUIBEIHITH 5. BOKIFRIIMETHEIN, BHLEKIBEHETTEENT
W3, BELREOMICEBESFBEIFHESINTE D, e 7)o VREZOEERBEE2OV D
TH5. BHTORANZBEMRETEDLDN TS, BERO L 7V VBRI Z OBEMET &
BRENTNS [15]. 700 L BRARBRIMEBEICHEEL, MRETARIN L7 VD VB
IR LN 2 [16]. 1BHERIET ) o — < F (B BEFRARIC 4 U 2 KAE 2R & T S BRI T
H Y 117, ERAMBIEETH XK RARES R ET 2 18], O L5 RBIE TIXBEH RO
7o VBIZBEERTRESFLERI L, ST U TEEROMEMET T 2 2 L PfRES
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RO7Zx R UVREHMENRIT2ZeREINE. LELARDSETVOVBICLDZ 7T F KU
BT, BIZe 7D BROBMEOAICERT 230 TERP 0. 51T, e7)VD VB
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IVRMFIUEBEFRVABEROSTEOELRZE 7V OV BEEHHFR M 2.0x 105,
1.4x10°% 9.8Xx10° }UF 2.8x10°) i Streptococcus zooepidemicus DIEH: LBk IR I N 39), &
EEEKMMFERT L DR SN, THYREEkO L7 )va VB (M, 40~6.0x10*) RUE R
HskDO 7)o VB (M, 08~12x10°) XA LETEI DEALE.

WA A

BRI BEEIFEIE IR O 7= 8 O FARHIC A MBIEE B E OB X D L, RS 2R\ %X 5
2 1~2mm’ QWi & Uiz, WEIRETA ISR T 1 v T B S|, 95 2RBER, 20% JHib
7 & Ba R I (FBS; Flow laboratories, U.S.A.), 100 U/ml =3 1) > (BAIA%IEL) B TF 100 pg/ml R b
V7 hA Sy (EEE) 25850V w 28%A — 7 Vi (DMEM; Flow laboratories, U.S.A.)
ZWML, 5% CO,,37°C THELE. WRKA LD T4 v 2Il4EF LU TUAEIC LD - =/,
BB RS IR T o 7=, T OMIKEIX 0.25% » V) 73 > (Flow laboratories, U.S.A.) ¢ #/8 L
=%, 6 XEid24 ﬁtg%fv— MIZ 1.4~2.0x 10" cells/em® O RBHRE THRIE L, 10% FBS 25
EDMEMAITI L 7V MIRDETHERLEZ. ERITIE 4~ TRHER LM 26H L.

BRAkR>»O7 S U BER

24 X7 L — MCHE L BN, 10% FBS 25 ¢ DMEM /1 [1-“C] 7 5 ¥ R Vg (1.0~2.2
kBg/0.5 ml/well, 1.9~2.0 GBg/mmole, New England Nuclear, U.S.A.)G37°C, 24 h {2 L7-. &H
WHHIE FBS 25 ¥ 721 DMEM 1.0 ml T 3 BIg#E®, 2 FEOER S 7)vn v §(0.25, 0.5,
1.0 ¥ 1.5 mg/ml) FAE T EREBIEEETT, 77 VF = (10 uM, Bachem, USA.) 713
A23187 (1 uM, Sigma Chemical, U.S.A.) Z%h0 L 7= 10% FBS % & ¢t DMEM (0.5 ml/well) f1¢ 3 h K%
ELUz. BEBOMED RITHEEZRA T2, fiOEBRKEBNTAFVELVDO—X (04,
1.5 KU 4.0 mg/ml, BOFALAR) RN U7z, BRI TH, BRBEER L, Mg ca/Mg"-TZ
phosphate-buffered saline (PBS) 0.5 ml T 2 [E[¥Ei# L 7=, YiKIZEEB LIBEG L, BADOWREN O
3 2 FHIBEIIE X 7= I MElT &2 FRE 2728, ZIRT 2000xg, 15 mina@h Uiz, 2O LiERED,
BEREMZBIRY VF L —ashy & — (7 0h LSC-700) THEIZE L=,

BEMREEZE 7 VO V(1.5 mg/ml, M,20X10°) IZX DEILE T2 LIc k3 75 F kUi



ST 2RER2ROFETHE L. BTEEMKOY V& 3B/ E. E1EIe 7o
VEREEM U Jz 10% FBS %23 DMEM (0.5 mU/well) H ¢ 48 hFijE & L=, #2424 hi2i3 Q)7
ZFFURR(1.6kBq) ZMAMREITRLZ. S 2B 7 VD UBRU[“C7SF RUBEST
Rl —DREBBT 24 W& Lz, F3FI L7 VO VBERNE L, [“Q7 5 ¥ R VBOAMZT
24 h R L. TNSOE 7D ALK UEILEE O FZ S MINE I DMEM 1.0 ml ¢ 3 [ ¥
8, 77 F = (10 uM) ZHIN L7= 10% FBS %% % DMEM (0.5 mUwell) H1°C 45 min 853 L /=,
TOVFZUEFMUBRNIY POV LICHRE L. BEBRIRTH, BBmh S L 7=
BUREE R RIE L.

WA ADT 5 F KV BOE D AH

24RTV—=PTaAr7 Ny beRoBEMEES, 700 B (1.5 mg/ml, M, 2.0x10°) %
ETFERIIIFELET, 10% FBS &% DMEM T [“C1 7 5 K VB (1.2 kBq/0.5 ml/well) & ¥ &
2, K2 EZRD S 5% CO,, 37°CTHIEL /=, BHR TH, HBEWPICEE T 5 HEEE£H
ELk.

FHAE B UF B 2V O B A 4T

#RlEHE X Folch 5 D53 [40] I & b IBREMEME T CHIH L7z, 6 RFL— M T[“C17 5 F R VRIS
£ DIEH BT R o RIEEMEIRIZ LV A2 L — S —IC XD FIBE L, LEBOFERESDAY ) —)/
200V ARB (U2, vICE D IREERH L. BEBRIE IMHCLICE D pH3 & L, #1858
DAZ 7 =)/ FRVLEB /2, viv) IZ& b IEEERH L. #oh =68 REMEILERH
FTHESE, 700FRVAICERLER, B ux brS5 74— (U A7)V 60, Merck,
Germany)IZ & b 2 U 7%=, REBEHE L LT, Mlati®ho) VIKE, 75X RV B, V7V vy
Deo—=VERTMITZINT )0 - VESET 2728, AHT—FT )N/ 2F VT —F)V/BERE
(50/50/1, viv) Z FIW 7=, SEBWRIHIP O 7 S F FUBOMTICIZZandm VA /A S ) —) (9317,
vy BRIV, BEH L SIEEREREHEAL L CRBBELE. IvERLATEALUEKRERRY b
EPERD, SoFVL—=alhl TN (I VTN, FASALFRA2)EREE, BEtEEEN
ELTz.

ERARAD TS OXF v ode

FEEERMEENRIZIZ, 0.1% NaN, , 0.2 mM bacitracin (Sigma Chemical, U.S.A.), 0.1 mM captopril



(Sigma Chemical, U.S.A.), 0.01 mM phosphoramidon (FIJ%#fi3£), 1.0 mM dithiothreitol (F1Y¢#ti3% )&
U0.1% ST S E 7NV T I > (T RENA ) 2 HM L Ca/Mg*-&7%4 PBS (pH7.4) %
AW 7= [41-43]. 6 R 7L — b T2 U= 1BIEMIRIE 1.0 ml O Z OfBE T 3 [ hiEk, BEhic 75
XD UREFERICH L. WEMRIE, e va VR (1.5 mg/ml, M, 2.0x 10°) RUIEERR T S
¥ = (5 M, Peninsula Laboratories, U.S.A.) %7E F £ =X FEELE T, [2,3-prolyl-3,4-"HN))-7 5
U¥ =V (0.7~35 1M, 3774 GBg/mmole, New England Nuclear, U.S.A.) & Hs & EREER 0.5
ml ZFMUL, 37°C € 1~180 min £ > FaR—b L%, A UFax— &, fifazkSEaEREamm
1.0ml C3MPFHL, LEOD 2 M NaOH TrVEIE KR U 2 M HCLIC X % ik, BEREMEZRE L
7. —EOBEMICOVWTR e VD VBRI E TR o . ETMEE, e vn VR30S
mg/ml, M,2.0x10°) Z#hI L 7= 10% FBS % &3 DMEM (0.5 ml/well) 1 ¢ 37°C, 30~180 min 552
L7z, BEETE, RIS SERBERTHRL, 770X U EaRRICH L.

CHIZ7 2 VX =  ORENGEARIE, 2FAE» SERENEGRE CMIEHRT > o X =&
ATTHELEZDD) ZELIWTHEE L.

—MOERCIKEEMEDO TS OF 20 L 7y YTV SAE2WL LT 2D, PHITS Y
¥ =2 ORAIHT B [Lysyll-, [Thi**,D-Phe’]-, [D-Arg”, Hyp’, Thi**, D-Phe’l-, KU [des-Arg’- 7>

VX =Y (W @ Peninsula Laboratories, U.S.A.) OEE 2 ET L=,

REEE P 2
7o g (1.5 mg/ml) L XF )t —2 (04,15 KkUN4.0 mg/ml) iF 10% FBS 25

DMEMIZEM L7z . THh 5 OLEERMORE (mPA- S THER) X, RIE L7=RiERHEEt (Rest
BYERW3T CTHELE. 2FE2.0x10°% 1.4%x10°% 9.8x10° KU 2.8x10° OMEYHKDO L7
Lo U (1.5 mg/ml) OREIZFNZN 14.5, 8.1, 3.8 R 1.8mPAS ThoJ=. 7 ¥ BFHKR
Uk ME#HBEEOE 7O Ui (1.5 mg/ml) IZFNEFN11 RS 1mPAS 2o/, AF)bk)V
O—ZXDREIL, 0.4, 1.5 40 mg/ml TEhZEN 3.1, 7.6 R 12.9 mPA-STH > 7=, HEHEHEOD
KX 0.6 mPA*STH o 7=

MiaEEEXRTHE O E

6 X7V — P THRL EEMREOEERE, A TROBRZ7)VO VB (1.5 mg/ml) &R0
L7z 10% FBS Z& ¢ DMEM (2.0 ml/well) & 22#a U /= . WEARHIRGIZ 5% CO,,37°C T&X 51248 h K
Bz BERTHR25% M) 7Y UEMZ, 37°C, 10 min T 2 Z &I X b fifa® # L 7=,
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MR E WL 10% FBS 2 Z ¢ DMEM LEA L, 100xg, 10 min @0 L7z, vk L 7= Hifeid 10%
FBS Z & ¢ DMEM 0.25 ml [CFRE L, MIRGHERIC X b MIRaS2 510 U7, MiledsERE by
V7 WV—HERREIC & D P L=,

Hiat w AT
BRI t 28 REE2CRULE. A—0b 7D VBEEICBI 7 VO VST EEIC
T HFETENEREIL, 6D R Student's r -fEIZ L b A L 7=.

MR

e L BB O ['CI17 5 * F U BREY

BIEHR % [‘C17 2 ¥ F U (6.3x10° dpm) T 24 W%k % &, 4.7x10" dpm DIEFH 7 5 F K
YRRV D A EN . MREICRDAENEZ('CI7 ZF FUBRD S 5 87% (4.1x10* dpm) ik
[“CIV VHEHE, 7.9% (3.7x10°dpm) X [“CI M U 7S VT ) B =)V TH o7, [‘CAVT I NVT )+
O—VRU[MCI7 7% FVBERBIERLBZ2HDOTH 272 (\WIhd 1000 dpm BUF). FEHE N
faz 7o VF 20 (10 pM) E721X A23187 (1 M) EHHET, HDIWEIEEET (I ho—NV)T3h
R UGS, MORAENEERTIF P VBOBEHI TS OXF =0 TRA1L3%) &R, TV
FMO— VT 5.5%, A23187 Tid 9.7% TH - 7=. HEEBEH ~ERE U 7= 2B MIC N 5 %8 8
[“CI7 o F RUBBI, 75 VF =V RIET 82.2%, A23187 HIBLT 77.2%, MIBHIMRM (T > b
O—)V)T 64.1% L7z o /=, fit> THEHIRSS O [“C17 2 ¥ k VEE#ERIX, £ LTHRRF) /$—
Yok VIEEOMKGBC L DBIiEhZ2 b0 LEZI BN,

["CI75F FVBERICRTEITISYFov e P VDY BOEA

ERBEMA> 50 ['CI7 ZF P VBEMICBIT 27 7 VX =L ARIKEL 2R ERE
Fig. LIC/RU7=. BERRRIX3h & Uiz, EZER 7 o F R UBEBBIX 10 uM 7SV F U TRAIE
Lk

FaEIEM R, e 7o VR (1.5 mg/ml, M, 2.0x10°) AT £=3EFEE T, 10 M 75D
FoURMEIMAMTER L. WEME» SO [C17 ZF F U BEMSY 1 L2 —R 60 F
T~Tz (Fig. 2). 727 UFZRINT 8 i3 B RIS [YC)7 5 ¥ k Rl L =8,
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TIUFXZURRMT S LIRS 15 min THEER (‘A7 ZF P UBREHMFEDOSNE. TIUX
S URIE LMD 50 [MCl7 S ¥ R VBRI RRIEMEo Z B L, BEEE 30 min &
U3hTENZEN3ISERU22 Lo, — A, e 7V UVBEHFEZIEZ L, #EPLD
[“CI7 5 ¥ RUBEMT T > VF =V OFEICIID S THER 1 h THHIEINE.

700 VB (1.5 mg/ml, M, 2.0x10°) CHILIE L= BEEias, 752 %= (10 M) &
ME I ERIMN T 45 min B3 L. COBRMEIX, e 7 V0 UVBAFEELERETH A7
¥ RUBEBSMEIE W L LD PE L (Fig. 2). MilE» 50 ['C17 2 * kU EREREI e 7
o VBT X b MElEh, O RIIFIMLIERRGICKE U7z (Table 1).

Radioactivity released (dpm x 10-3)

0 1 1 1 1 1 1
10 20 30
Bradykinin (uM)

Fig.1. [“C)Arachidonic acid release from prelabeled synovial
cells in response to varying concentrations of bradykinin.
Cells were exposed to various concentrations of bradykinin at
37°C for 3 h. Each point represents the mean + S.D. of three
separate experiments.
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(0]
T

(o)
T

N

Radioactivity released (dpm x 10-3)
N

I 1 1 I 1 i
0 1 2 3 4 5 6

Incubation time (h)

Fig.2. Effects of bradykinin and hyaluronan (HA) on the kinetics of ["*C]-
arachidonic acid release. Prelabeled synovial cells were incubated with
(@, 4) or without (O, A) bradykinin (10 uM) in the presence (&,A) or
absence (@,0) of 1.5 mg/ml HA (M, 2.0 x 10%) at 37°C. After subjecting
the media to different incubation periods, radioactivity in the medium
was determined. Each point represents the mean + S.D. of three or four
separate experiments.

Table 1. Effect of preincubation with hyaluronan (HA) on bradykinin-induced
["“C]arachidonic acid release from synovial cells

Preincubation time Radioactivity released (dpmx107)

(h) Control + Bradykinin Relative to control
0 1.16 £0.01 5.09 £0.32 4.39

24 1.38 £+0.07 4.51 £0.09 3.26

48 1.48 +0.10 4.41 £0.12 2.98

Prelabeled synovial cells preincubated with 1.5 mg/ml HA (M, 2.0 x 10°%) were
exposed to bradykinin (10 yM) at 37°C for 45 min. Each value represents the
mean + S.D. of three separate experiments.

13



EPNVOVBOBERTHSFREENR [YCI7Z ¥ R BRERNE EM

RS OBETHFREOERZE 7V O VR (M, 2.0x10°%, 1.4Xx10° 9.8X10° KT
28x10°) ZWHML, 75VF= 2 10 M) FAF 30 R L 2. £ 70D U RRISHEERMRD? 50
[“C17 5 ¥ & VERERE % 0.5~1.5 mg/ml D& FCREEHRERICIFIL = (Fig. 3). @A FREOLT
o vBIESFOHDICHR, BN [MC7 7 F K UBEBINEERER L. 73 UF 2 VRE
%, Q175 ¥ R U BEEREEROMEMT 2 10 M BLE(Fig DE LTV VROZEZR
Sk, EPOVRBIEDFE20X10°2 08~12X10°DH DRV, 3hiF&LE. 75UF2
V10 M BHEMUE L SAD SN2 70y 8O [“C17 7 ¥ F VERENH Y — i, 7
SUOFXVEEE 20 M BT 30 M A LT CHEL LD o= (Fig. 4). I OHEH, 025~
1.0 mg/ml OHEFETESFREOE 7N O VBIIES TOD DI, 8L ['C7 7 F F Rz
IME U7, AEEREREgIle & A23187 (1 pM) T3 hFIEL=BAEd e 7 vo VR [*C17 S ¥ B
ERi e & M EARERIC IR L, ZOERXEFTEO D DI EY SNz (Fig. 5).

Radioactivity released (dpm x 10°)

7 G ;
PC 05 1.0 1.5
Hyaluronan concentration (mg/ml)

Fig.3. Effects of varying the molecular weight of hyaluronan (HA)

on bradykinin-induced ['“Clarachidonic acid release. Prelabeled
synovial cells were exposed to bradykinin (10 uM) at 37°C for 3 h

in the absence (PC: positive control) or presence of HA of different
molecular weights ([F3: 2.8 x 10°, B8 9.8x 105, EZ 1.4x10°,

Il 2.0x10%)at0.5, 1.0, and 1.5 mg/ml. Each column represents
the mean + S.D. of three separate experiments. Statistical significance,
evaluated by the unpaired Student's t-test, are p <0.05 (*), <0.01
(**), and < 0.001 (***).
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(53]
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he] A
d
g AA
0 PC 025 05 1.0 PC 0.25 0.5 1.0 PC 0.25 05 1.0

Hyaluronan concentration (mg/ml)

Fig.4. Effects of hyaluronan (HA) on ['*C]arachidonic acid release in response to
various concentrations of bradykinin (BK). Prelabeled synovial cells were exposed
to 10, 20, and 30 uM BK at 37°C for 3 h in the absence (PC: positive control) or
presence of HA of different molecular weights (B8: 0.8 ~1.2 x 105, ll: 2.0 x 10°)
at0.25, 0.5, and 1.0 mg/ml. Each column represents the mean + S.D. of three
separate experiments. Statistical significance, evaluated by the unpaired Student's
t-test, are p<0.05 (*), <0.01 (**), and < 0.001 (***).

Radioactivity released (dpm x 1073)

0™pc o5 1.0 15
Hyaluronan concentration (mg/ml)

Fig.5. Effects of hyaluronan (HA) on A23187-induced ['#C]-arachidonic
acid release. Prelabeled synovial cells were exposed to A23187 (1 uM)
at 37°C for 3 h in the absence (PC: positive control) or presence of HA
of different molecular weight (E: 0.8~1.2 x 10°, l: 2.0 x 10%) at 0.5,
1.0, and 1.5 mg/ml. Each column represents the mean + S.D. of three
separate experiments. Statistical significance, evaluated by Student's
t-test, are p<0.05 (*) and < 0.01 (**).
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[“CI7ZF RV BERICNTIEZVOVBLEAFILEIO—-XDOKEORSE

EHREAEE, RR34FEOL7)VO U (1.5 mg/ml) FUAF)E)O—2R (0.4, 1.5 R
40 mg/ml) FAETERZFIEFET, 72IF =010 M) BMELIZERMT3ILFEELE. Ch
LOLREBRMOME L ["'CI7 7 ¥ FUBRIERMEDRR % Fig. 6 I/R L7z, 8.1 mPA*SLUF DX
T, ["C17 7 F RVEBBEBC R T2 700 Ve A F ) )b 0 —2 OMEERIZH ShIc B -
TWE. B 7oV F o VEETTCHEHETH 7. AF VN T —XI 0.4 mg/ml (3.1 mPA*S) &
¥ 1.5 mg/ml (7.6 mPA*S) TIIHE OHINZ DD 5 3 [MCI7 T F kU BREHINHIEMA 2 RS R
MoDIZH L, E7a BRIIBERRIC [‘Cl7 2 F RUBEMEMEL =, LA LERMS 129
mPA*S L EOMBE T, ["CI7F7F FUBEMEICBI2 7 V0 VB EAF IV VO—IDE
HIZEAEZDSNR P07,

Radioactivity released (dpm x 10-3)

3 6 9 12 15
Viscosity (mPA:-S)

Fig.6. Effects of varying the viscosity of hyaluronan (HA) and methyl
cellulose (MC) samples on bradykinin-induced and spontaneous ['“C]-
arachidonic acid releases. Prelabeled synovial cells were incubated
with (@,0., A : positive control) or without (I, 3, A : negative control)
bradykinin (10 yM) at 37°C for 3 h in the absence (A, A: controls) or
presence of HA (@, ) of different molecular weights at 1.5 mg/ml or
MC (O,0) at 0.4, 1.5, and 4.0 mg/ml. Each point represents the mean
+ S.D. of three separate experiments (except the positive control: n=9).
Significant differences of p<0.05 (*), <0.01 (**), and < 0.001 (***
were values compared to each control.
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[“CI7Z2F FVBIRYAA IR T I TV VBOREE

eV Y OSBRI B XN [YC17 5 F R OB EBARAO BN D AL BRES Y
B lickb, BB OER['CI7ZF F VBUAVEERTISETOWLWEEDPELOND. &
D= DWIEMILD ['CI7 7 F K VB D IAAICHT 270 U BOREERE LE. filaix, 7
ZVFZVIEHFEEEINE QAT FF R VEBEHIC N L TCRAOIHIMRE SXA e T VD VB
(1.5 mg/ml, M, 2.0x10°) f74E T £ 7=IEIEEAT, MEH» SO ['C17 Z F F R L ~ ViR
WERTH S 0.6 nmole D [“C]7 T F KU (7x10°dpm) L L HIZHEH/ L. TORKR, e 7o
VIRIE 22 h X THIREAD [CI7 2 F R VBRI D JAARIZEE LD > /= (Table 2).

Table 2. Effects of hyaluronan (HA) on incorparation of labeled
arachidonic acid (AA) in synovial cells

Time (h) Residual radioactivity in medium (dpmx10™)
after incubation  Control (without HA) Incubation with HA  n
0 6.95 6.94 2
2 5.78 +0.09 5.74 £0.03 3
6 4.29 +0.04 4.55 +0.09 3
22 2.59 +0.01 2.62 +0.01 3

Confluent synovial cells were incubated with ['“C]AA (7 x 10*dpm) in
the presence (1.5 mg/ml) or absence (control) of HA (M, 2.0x10°%).
At the end of incubation, the residual radioactivity was measured.
Each value represents the mean + S.D. (except 0 h).

PHIZ7Z V¥ = U Earmk

WA AD PHI 7 S V¥ = VB Y A4 53— 2% 180 min FTFHR/= (Fig. 7). 77 V¥ =V
L7y =i UTHMEDRRZ Y TI A TOEEDRINTND 172002 &b, HMT5
PHIZ 5 O F =V 3KEE (0.7 nM) LEEE (35 aM) THRET LD, WITH & RGN % 60
min CEEHICE L. TN DTSV F UEEGERIIFHINIC 60 min ORIGKETTR o 7.
WM 5 PHI 7 2V F =V BERELS R ERE, BEMRADCHIZ 2 V¥ = 0 ORRNRES
DARHON, BLZE 10aM TY AV FORFENHBEEMEML = (Fig. 8). RENKEAT -5 %
Scatchard M7 3% &, MO 7 7O F =0 BEBAIE 1 EE X oh, FEIFBEEB(KI)
i% 0.78 nM, 2§54 ZBAI¥ (Bmax) (1 7.6 fmole/10° cells & 72 - 7= (Fig. 8 Inset). ZHiTHIIEY b 9x

10" R EABICHL T 5.
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Fig.7. Time course of [®H]bradykinin (BK) binding by synovial cells.

Cells were incubated with 0.7 nM (Q) or 35 nM (@) of [3H]BK at 37°C.
Each point represents the mean + S.D. of three separate experiments.

25r Total

Specific

Bound/Free

1.5

1.0

Bradykinin bound (fmole/105 cells)

Nonspecific

0.5

[3H]Bradykinin bound (dpm x 10 -3/105 cells)

0 10 20 30

[BH]Bradykinin concentration (nM)

Flg.8. Binding of [*H]bradykinin (BK) to synovial cells. Increasing concentrations of [°H]BK were
incubated with cells at 37°C for 60 min. Specific [3H]BK binding is defined as the difference between
binding in the absence (total) and presence (nonspecific) of 5 uM unlabeled BK. Each point represents
the mean + S.D. of three separate experiments. Inset represents Scatchard transformation of the specific
binding data.
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T2V UHEHMUORESRERARDZ D, TSV F LTSI —-F TR R -T
FAZZ M Z2RAWT, BEMEAD CH 72 D ¥ = VAN T 2563 RERE L = (Fig. 9).
BEMREIEEEER VIR VERR T YA TR MEET, 3SaMPHIZ S OF = (COE
ETRIERENKAZ A LS 2; Fig. 8) £ £ $I237°C, 60 min { > F 2 ~x— b L=, [Lysyl]-7
SVFRZVEMTHIZ 29X 2V ORGEMEL, ZOERIKRER 7S VX =V RS TH -
2. ¥k B-TIVXU LTI —F LI TR N CH D [Thi™, DPhe’]- 7T 5V ¥ =0 F ik
[D-Arg’, Hyp’, Thi*®, D-Phe’]- 75 U ¥ =V & fEAMEMEMER L. LB LAEDS B-75VF=
LTI =TI RMTH B [des-Arg’- T I VX 2 VT L A VBANRERI R0, Ch
LORRED, WEMIRO 7SS X =0 Ve 7¥—EB, VS XICBTBHD L EZ Sh B[41-45).

600 -

200

[3H]Bradykinin bound (dpm/105 cells)
]

0 7/

1079 1078 1077 10°® 10°

Peptide concentration (M)
Fig.9. Competition of binding of [ 3H]bradykinin (BK) to synovial cells by BK analogues.
Cells were incubated at 37°C for 60 min with 3 nM [ 3H]BK and varying concentrations of
unlabeled BK (@), [Lysyl]-BK (O), [ D-Arg?,Hyp3,Thi58,0-Phe’]-BK (A}, [Thi58,D-Phe’]-BK

(&), and [des-Arg®]-BK (00). Each point represents the mean + S.D. of three separate
experiments.

PHIZZ V¥ = ORI T I 7V VY BORSE

MR, e 7 VD VB (1.5 mg/ml, M, 2.0x10°) G FE = IX9EHEE T, 30 aMPHI 7S U %
eI rFaN—b Uk BEMRAD PHI 72 P ¥ =2 # &3 1~180 min D&FE TH
AN7=D, WINOKERA » MIBWTH, e 7 VO VBRIBFENCHI 7S VXU BaRICE
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Lizho 7= (Fig. 10). ¥ /= W\BEHIK%E £ 7)v 0 V8 (1.5 mg/ml, M, 2.0x10°) T 30~180 min HijilL
BLTCH PHIZ SUF U EARBICEE R 52 ko= (Fig. 11). 7)o V8 (1.5 mg/ml, M,
20x10°) F/=ike 7)vo VR L RIS EREOBRBE S X 5 A F )NV N T—X (1.5 mg/ml) T 30
min HiLEE U =B 2, S SKCEBEDOINS OZHEEAE T, 8aM [HI7SVF = kb d
I260min f Fax—bhLE. ZOHED, WTNOZHEEI(HI 7O VF UHEARICEEL
127/» > 7= (Table 3).

3.5

3.0 5
Total

2.5+
Specific

2.0+

1.5+

1.0+

Nonspecific
0.5-

[3H]Bradykinin bound (dpm x 10 -3/105 cells)

o~~rrT T T T T rIr I Tl
0O 3 60 90 120 150 180

Incubation time (min)

Fig.10. Effect of hyaluronan (HA) on the kinetics of [ *H]bradikinin (BK) binding
to synovial cells. Cells were incubated with 30 nM [ 3H]BK in the presence (M,
A, @) or absence (0A,Q) of 1.5 mg/ml HA (M; 2.0 x 10%) at 37°C for the
indicated periods. Specific [ *H]BK binding (O, @) is defined as the difference
between binding in the absence (total: ,l) and presence (nonspecific: A, A) of
5 uM unlabeled BK. Each point represents the mean + S.D. of three separate
experiments.
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Fig.11. Effect of preincubation with hyaluronan (HA) on [3H]bradykinin
(BK) binding to synovial cells. Cells preincubated with 1.5 mg/ml HA
(M; 2.0 x 108) at 37°C for the indicated periods were exposed to 30 nM
[BH]BK at 37°C for 60 min. Specific [3H]BK binding is defined as the
difference between binding in the absence (total) and presence
(nonspecific) of 5 uM unlabeled BK. Each point represents the mean
+ S.D. of three separate experiments.

Table 3. Comparison of [°H]bradykinin (BK) binding in hyaluronan
(HA)- and methyl cellulose (MC)-treated synovial cells

[*H]BK binding (dpm/10° cells)

Treatment Total Non-specific Specific

Control 2122 +26 220 +5 1902 [1.0]Y
HA 1996 + 164 212 +50 1784 [0.94]
MC 2037 157 270 £ 112 1768 [0.93]

Synovial cells were preincubated with or without 1.5 mg/ml HA
(M, 2.0 x10°) and MC for 30 min at 37°C, washed and exposed to
[*H]BK (8 nM)in the presence or absence of the polysaccharides
for 60 min at 37°C. Specific [’H]BK binding is defined asthe
difference between binding in the absence (total) and presence
(nonspecific) of 5 yMunlabeled BK. Values are the mean + S.D.
of three separate experiments. Each value in square parenthesis
expresses the relative ratio of specific binding to control.
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MlLEERETCERECHNTIE7 VOV ROESE

ML, HERUATFEORRZE7NVO VB (1.5 mg/ml) ZHETEZIXIEEFLAT, 48 h i
ZLE. WThOBA L EEMEO S ERIX 98% L ETdH > 7= (Table 4). MKa#RE AAIFRY D
OMEE)ICH e LO VRBROREIXITEACED SR o7z (Table 4).

Table 4. Effects of hyaluronan (HA) on the viability and the density
of synovial cells

Viability Density

Source and M, of HA (%) (cells/em® x 10™)
Control 98.9 +0.7 4.07 £0.16
Bacteria M, 2.8 x10° 98.1 £1.3 4.15 +0.72

M, 9.8x10° 99.1 £0.7 4.08 +0.05

M, 1.4x1 0° 979 £0.2 3.80 £0.25

M, 2.0x10° 98.3 +£1.1 423 +0.38
Pigskin M, 4.0~6.0x10* 97.8 +0.4 3.67 £0.47
Human umbilical cord

M, 0.8~1.2x10° 98.6 +0.4 3.79 £0.10

Synovial cells were incubated with or without (control) 1.5 mg/ml HA
of different sources and molecular weights (M, ) at 37°C for 48 h.
Values are the mean + S.D. of three or six (control) separate
experiments, where each was performed in duplicate.

% £

eV VBRI, T IXF I A23187 TR L =B EHINE, RURIE LAWK SO
[“C17 2 ¥ k VEREREZIE L. MR >3 RUBL ARV, 75 % K UBROMBED S Ol #k
MR VIEEAOM D AADTEIC K h#ifian b eHRESTHh TNV 35 /EoT, K&
BHOT7ZF R UBLAUBET VO VRBICKDETTZRLIOVWT, Lio0ME2EETE
2. %7, e VO BIIEBRICEEMRE» 5OV SF RUBESEIHTIEVS 0. WIS,
E7NO CRRIGEEMIEO 7 Z X FUBERDIAAERET LV HDOTHD. ThHDOHREN
ZRET 2720, BEHEAD Q17 ZF R VB AR T I 7V s BBOREEHAN-.
COER, 70 VR (M, 2.0x10°) 1 1.5 mg/ml DERE THEBEMIEAD [“CI17 5 k UEEED A
AFHELRRNZ DRI (Table2), £/ 7))l 0 U BBIZEBEMAKICN LTHTEEREI BRI
7= (Table 4). f>Te7IVBEVBICLS [“CI7 T F R UBEEL XVOETIE, ['A7 ¥ kU
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BEHMHEICESSHDLEIOND.

TIOF VR EEERREO (C7 Z X F UBREBICN T ATV D O MEERR,
E7NO VOB E RS FRICHKE LTV (Fig. 3). E7 V0 VBIRERERTASFEOMIMIC
N, ZOKBHOKEIK T2 5. [*C17 7 F B VB X RIEE (4.0 mg/ml) O A F )+l
D=L > THMBEINZ L &b (Fig 6), maAFREOL 7)o BROMFIRRIE, WA
ARECRERTZ2I0LEZ 5D, Thid, BEBROKEIHRER, 2\ IEHREREICHED
CEE UM EERWOBRFEE, SO 7S F N BATFOHBMICEE T 2 0iEMEEBET
ERNEDTHS. LBLERDPFSAF NIV O—REFELRD, e7 VO VRIIENEECHHEE
B[Cl7 ¥ K UBEMMEER 2R Uz, COMRLD, filar 5o [*Cl7 5 ¥F & B o
T 570 CEBOMERRIE, BICHEERRE OMKIC LR TIER L, HEUANOERDEE
HLTWBZ eWRBEENS.

[“CI7 2 ¥ R VBRGNS, 7 v BHITSOF oo AT 2T LICLD, Mgk
BLEOTSOF VLTI —ADT S VF 2V OBEGEMET 2L TCHERIND. TOHHE
MERET 2720, BEMEAOCHI 7S PV BAICH T2 PV U BROEERRANE. &
OFER, BOML ["CI 75 F RUBERZIHT 2710 > B (1.5 mg/ml, M, 2.0x10°) % ¥R/l
LEBATH, 1~180 min DEHET PHI 7 VF = v OEAIIEIE IR P o= (Fig. 10). =
DL ECMRIZ(HIZ SO F =V EE 30 M) i, HENFEAPBICEMLTWRRBETH -k
& (Fig. 8), WY 2 [HI7 2 OF =V 2 AMBEEBUT L UTRE LE. L LaD5Z OBE
HEeT7NVOVBIIHIZ7Z VXU FaICEEB Lkbok. XF VN T —X (1.5 mg/ml) i
[“C17 5 ¥ ¥ VB GEE 2% U o= (Fig. 6), PHIZ SV F o UREAICORE LR o 2. #Eo
T, BEIU-BETOERBRORELX 7S V¥ = L OMlANORESICEEY T, 7 Vo U@
ATHEPIC TSV F oo FHHESINZ LI RVEFZILEND. INHD T Lk, A23187 2
AWT, LEZ78—2ASTIC['AT7>F R BREHE RESEEBATOETVEVBRIZK D
BEHMEPRENDZ L (Fig. 5), EEHMT 277 VX =V 2 Q7 > ¥ R BREEHEEE M
fAMT 2WEL EL LT, e 70 URRIC K ZEEEH 8y — U IC B i RnWZ & (Fig. 4) TH
ZHFEINh3.

E7VvO UEBRIB M S O ['Cl7 T F P UBRERECN LT, T VR UELET RUEE
AETVWThOBED, FEHEB 45 min X TIEL A LRE LD o/ (Fig. 2). £ 7 v UEBRAMPHIZ)
HAERET ST, WEMARE e VO VBN 1Th B BB TV ALERHZHDEEILND.
YEREMIEZ £ 710 V8 (1.5 mg/ml, M, 2.0Xx10°) T 24h £ 48 h Bl § 3L, 75 V¥

23



VRIBIC & 5 RO [“C17 2 F R VGRS E DMET L7z (Table 1), Wiz —ov 7
o VST 48 hiEE L TH MBICELD o722 & (Table d), ¥ =iBEEMEZE 7L o >
THBEL T T I VF oV ORBARICEE LR o2 L (Fg. 1) 2EE T2 L, e7ny
FRIC &2 [“Cl7 5 ¥ FUBGEREMEIL, b7V 0 BRI EEMRIC B LERRTH D L%
AbNh5.

MERICHEE T2 HRIBEDHER CHEROMEBNRRICREEL2ZIT b T3
[46,47). HIRZMEY) VRSB HE L T 2R XA ) 8—EBWEHD, V) VIEEOWER BICREKN T 21
R BAIRS 5 D AL P MR B O BLIC B 2 21T 5 2 L AT I T B [48-56). Mg L
KiZe 7)o VRS Y VISV EDFEET D [10-14], 2O V37 BiIIMleE A EE L, flaE
BEZEGLTWH I EHRESINTWVWS [57-59]. MIEREALOZOLI RS VBT VDY
BOPEE UERR, BERE R COMBROYIEIREICRE T 2 2 L P FRIN S (Schema |
ZW). e 7NVOVBIEIERSTTHIED, V208 F THBOE 7 vV BiEEY V0B

ZATZ2H0LEZIO6NLD, CORBRIBERIMORTERBL RIS, EREM D
ETFIERRR) S—EHEEEFICORDB D EHRINTN S 49,54, -7 )vo U (b M
#HE)E, 0.4 mg/ml T 78 PR A ) S —8 A, ORI RIGICRE LR\ C L5
HINTVWB[60]. fEoTe7 N0 VI X 2MBERSMOERTERETNE, E7 Vo VBB
L2725 F FUBREMNEERZHRHEATE2H0LEZ 5N 3. Underhill & Toole[10]id, HFE
4.5%x10°, 9.5x10° R 13x10°D e 7)va v eV, $HEFE~OE 7)o B OfSEEEM
HHE 2 FEOEIMIMKEL TRELRDILERE LTV S, FEIORRRF, FTEOMIMICLES
T, 207NV B FOLHAETIHEI U RVENSRBZILICERTZHDEL LT
W2, ZO®EL, eV O VBEAMBEME LS OT T X K URRIERE ST RKERICHE T 2 8
ReZEL—HT3.

EE, A7 —04F -1 ICX2EEMRCHRERREO 70X ¥ 75 VO VE, EEE, 7
O EED inviro TR T2 Z EM@ESIN=[61.62]. 7RI TSV VE IS 703 F 40 F—
TEHOVEDTHEH, 02X 7 F—BI/MURICHEE L, MIEEICIXELE LRV (63,641,
AFEDBEMUe 7 o UBRIIMEEZERLARNI LS LD, e VO VBIC L 70Xy
T2 0O VE,EEMEES 703 F 07 —BIC T 2 EBERA LIEZICLN. A V¥ —04
F -1 12 & o TBEMIN (66-71] REBHKL 712731 O 70 RY TS5V UV E, EEMBEZX N 28
FIZIIHRRR Y =B OFEMDIHES C ePBE L MESTN TV S, R T7DRF IS VI VE,
REDTAIY A FEGRIX, ) VIEED S QR 5 F K VEBERKIC X > THEE I 3 [36,49].
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INH6DOTLRERT DL, E7)VOVERPMIIRICH G 2 2 LIZX D RRF ) - OrEE
PfEN, ZORRLELTTORI TS VOV E,EEBPAFEINZZ L BEINS. 7))
ORGSRV EDV L DTH 5 CDUFFIINT 2T/ 70— NHURCIEENIT 2 pil
T5&, U4 AL VI D RBLZEERRO YOS 7S VOV E, EESIRIEND Z & B
RESNT= 74, COWMEIT, MRS L2 7LD Y BO R IR S—EEEA~OEBICH
THRFEXRT2HOLEIOND.

AR TE, ervo o ROBEHEIC BT 2 ERETHET 2TV E LT, b MEREHEM
ZRAWEZ. COEFIVEDBONEZFRE, HEERFEHERNOTO RS TZ 00 L E, &K
LT, BEiNKREG Lz 7o Y BRIZIMHINTH 2 L WO IEEDOR R [75] L2PJE LR, BRI
BWTEAFEOL T VO VBPERETHAET 22 &, BIEMKE»SO7 X &V EBRERHD
FRICEDSTOR S TS Y VE,EEMGIIRE 76 L, BEHiREOHEEMLICTE TS50 L
EIbN3.

Schema 1. Interaction of HA with the cell surface

arachidonate

Clustered Dispersed
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F2E Sy MIHFRCEIZVYATREKEIRICHT S
7)o RO MEER

i

AS—FURYTOTFA TV AV EEERG L T 5BEHSREIEREHREL, HEX D BRRE
S BREAHIBCH 5. KEOMARER, 70747 )AL D35—5 L ORI L DL < A
T35 76 77). 1BMEREET ) 2 — v F IR L T 2 AAEVE BIERIR AIX BIEIEE O SRR TH B
N, BN I RRERFTNICEE - HIFPERICER % (78-80]. HFHIKIC K 2EESHICIE, E& L
TSAVYV—LER, Rt 7057 —¥TCH25RF5—EDhT 7V GHEETI LN
BN TWVWBH([81-84], FDHRET X CHRIN TV BDIT TRV, B SN =PRI E 5123
MEEEEELET Y, BSBOER SOV EDTH L7V D VBRIIEHBRRCL D S4EENH, B
B OREETERBR L I LHMEINT VS 8587, F I CHHIRIZ L 2MEHFIIF LT TN
OVBONFEEEVPVDIRIEEEZEZI 200G Lz, KK TIEZ v MEREFHIRE D&
FRREOHERREZEFN L UCHWE. ERREOHBICHEVRELDFLITOT T ) A
VISR N DD, o= VEBITITEA LR SN RN L LD 6], REL D EHET 27 0T
ATVAVREHBET VAV I V) AV BELUTHREL, RESROIEIEL Lz, IHFHIKO R
B#H ¥ LT, cytochalasin B 7 7 T N-formyl-L-methionyl-L-leucyl-L-phenylalanine (FMLP),
opsonized zymosan, 12-O-tetradecanoylphorbol-13-acetate (TPA) R UXAN S I Lh-4 X ) 7 7
A23187 ZRW=. ZOKR, HHRICLZ2RESMI L7V D VBRI K D RBE RUSFEIKED
ElE N, L LRSS AV ZIFFREREERIIC L b e 7vn U BROMBIZESXRR -, b7
O UERIC K 2B SRINEIC BN TE P VO U BROKMEREERRFLEZ SN 50, B
DAHTIER L, IFHKROBEENOBEENEMAD S C LRI NI,

OB & ok

e
IVRMNFYUREERVWIEHEOSFROERZ VO VEE KBRS FEM, 2.0x10°%

9.5x10° 2.8 10%) i Streptococcus zooepidemicus DIEE LE X D BRI N 39], BAEEEXN
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HFEFT & b 2L & 7= . Opsonized zymosan id, 40 mg D zymosan (Schwarz/Mann Biotech, U.S.A.)
% 5SmlD v RRIRIMFE (FBS; Hyclone Laboratories, U.S.A.) ©37°C, 30 min f > F 2 X— FFT 3T
LT X b AR L, RPMI1640 (Flow Laboratories, U.S.A.) C 3 BI¥FEMHA Lz, R=V Y U RTR
P 7L Yy (WTNOEIRRIE)IX, £ 2N 100 U/ml K& TUF100 pg/ml T RPMI1640 [ZEMI L
7= . N-Formyl-L-methionyl-L-leucyl-I.-phenylalanine (FMLP; 10 mM, Sigma Chemical, U.S.A.), cyto-
chalasin B (2 mg/ml, Sigma Chemical, U.S.A.), 12-O-tetradecanoylphorbol-13-acetate (TPA; 2 mg/ml,
FhSAFR2) FRTUA23187 (2 mM, Sigma Chemical, US.A) Y A FNVANFF RIZEH L

M3 2FT-200CTRAE L.

BFH BR O T B

Kudo 5 O [88] ICHEV, EMES MMM U CIF IR EFAB Lz, U4 X5 —RHEES v b
(200~300 g, 7 7 V) =) IZ 7~ ml OEFEIEMHMICER L3 hEA U F MY oA Rz
REREAIR S L, 15~16 h i8I = —F )V BlE, BINBGE X BHEE L7z, EFEEOKS Lz CaMeg™-5
% phosphate-buffered saline (PBS) 10 ml T 4 (¥ L, &EMEEZ R L=, MR & 4°CT
300xg, 5 miniE O L, Ml Z2k@Ee UTERLE. /{5 HIIEREA UG 2l e 5
80247 €2F U ESCEBERERICEE L, BRET 30 min FE L. fiIEEET300xg,
5 min &L U TED, BA UTWBRIMER 2EIMMIC LD BRLZD, KB LZ0.2% NaCl 2 MR THE
DHIZ30 s PEH L. BIMLEE, BEICHED 1.6% NaCl 21 X /= . 851 =4F fEkid Ca*/
Mg*-7F5 PBS T 3 [¥i5 L, RPMI1640 |2 FE L J=.

BT AV ORN

MER T A RIIBRE 2HELAORF (FIVRIAV)BHRLD HENICRABLE. T4 R
2 (B& 1.8~22mm, HE3 mm) IMEOREFR /U F 2 AVWTHREX 74 AL DT BHEW .
ET 4 2213 10% FE@EEFBS, 100 Uml R=3"1) > K100 pug/ml A ML 7 F A ¥ U RELY
R w OBk A — )V B (Flow Laboratories, US.A)HT, ilT2F T2 ~4HM, 5% CO,,
37°C TR LE. MESBAOLEREMIOBEEE2 BT 20, WET A X ZIREHL, WNT
Ca**/Mg* -T& PBS 1T 60°C, 30 min JIFAT 2 Z &I X h B 2RI B, —BOERTIX
HREEZFOFEFHN, FERILICHRLE.
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HHREHET 1 R 7 OHER

BIEHE IR TEREEFEIERBEZ T T. BT 4 X7 & 96 RAET L — b (1 disc/well) I
AN, T AJEEAL R O EEALIE (pH 2, 2T 2 h HE S H#T) [89] L 7= FBS (5%) %2 RPMI1640
(200 ) ZEM LIz, RNVTAFROBR 27010 U (0.1~2.0 mg/ml) K UNEF 1 BRHEH) % i
Z, REICHMEROHF PIRERM Uz, —EOERTIE, U = VI 5 A ER K UV HhBRFIIEH 2
Z7230 min £71F 90 min BIZ, L7 NVDO VBERURET 4 X7 2R/, SFHERRIEE & LT
i&, cytochalasin B (5 pg/ml, KY/EIZ FMLP D EH £ % Z LM EI N TV B[90]) #ETF
FMLP (1 uM), opsonized zymosan (1.3 mg/ml), TPA (100 ng/ml) ¥ 72| A23187 (1 yuM) % W 7=,
B )VIZIZ 0.9 X10°~2.0x10° OEFCTHFHIKE R L7z, FHRBUIRERTLICRLE. X
AR e 7 v 0 VU BERRIITIT RV, FHkE S0 OEBEENR, FhREEERN O
MRt Y U=

WEMEE R DT 20, 7V VBICRI TERAOHHRELZOREEFMULE. X
D D% FIW 7= ; Diisopropylfluorophosphate (DFP; 1 mM, Sigma Chemical, U.S.A.), a-1-proteinase
inhibitor (a -1-PI; 1 mg/ml, Sigma Chemical, U.S.A.), 1-(5-isoquinolinesulfonyl)-2-methylpiperazine
dihydrochloride (H-7; 50 M, 4{L%FTH), superoxidé dismutase (SOD; 1 mg/ml, 3670 U/mg, B #¥
f#), catalase (50 pg/ml, 65 KI.J/mg, Boehringer Mannheim, Germany), #1> v b CD1la€./ 2 0—7
JVH4K WT.1 (anti-CD11a, 1:50 FR, 4 L T3E), > v b CDI8 €. 7 o —F Uitk WI.3
(anti-CD18, 1:50 F], b 2¢T.%), K cytochalasin B (5 pug/ml). —EBD iFHEK (2 %107 cells/ml)
@RV 7OEY Y F 2 —TATHHKESR (100 ng/ml, BIEFEEK) IZ XD 37°C, 2 h AL L=,
gL FHRROBMDB TOTE ) h L HRIEMBBETH 200> hRET 280, WO SHE
BEBETRSE. MET A XV E24D )V T L — MIAN (2 discs/well), Z I~ 5% FE@L KR
FRALFE FBS % & & RPMI1640 (600 pul) %M L7z, BB LIFHEKE DL TB L =0DHR Y h—iR
F— MR 7Y A X04 pm) 2EPICHEF L= =)V P — b 1w 7 (Transwell, Costar, U.S.A)
i, 6x10° DIFARERR UMY = )VA & FERE O 57 o BRIEH (100 pl) Z2H0Z , Hw 7D x )V
AUTz. AR L WRiE2 B U=,

BY L TNVES% CO,,37°C T 18 h FTHEE Uk, BARHEIFERS ICHRLE.

WESRORE
WESRRIT, HEBRPISEE USRG2I 7D HAY (GAG) B 1,9-UAFNVAF
L7 )V—DOMB)EPINTHET B LI X RO, BEYEICITTY FOA F -4 s (1
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FIE)EAWE. BRETHE, RBLEAMESB L, BB Ca"/Mg™- & PBS T 3 [m#k# L.
HERWIZ 4°C T 1500 X g, 5 min @il L, FHRERE LR, B, /331 > (0.3mg/ml, type IV,
Sigma Chemical, U.S.A.), EDTA (1 mM) J U¥ dithiothreitol (2 mM) % &5 20 mM V) > FRAEE W (pH
6.8) 200 ul 1€ 60°C, 3 h Hfb L7z, HEEKICIXHFRBOR/ A VIFHE M, FRCHEGL .
BB L REERWD /331 D —BBICOW T DMB E RIGE 8, 525aM OIRREERIET 5
EIC X DHRIEGAGE R Z KD . MEIERIIRATRRLE.

BERWP OMEE{LGAG B (ug) = A

WG OB GAG & (ug) =B

W IRE (%) = A /(A+B) x 100

I ER~ D FMLP O &

FMLP f5&RERICIE, BIMLIEE OB EMEE X 5 ICEEAEE OEIC X D 2H L7255k
W, Ca/Mg"-TF PBS IR & L= =i fike %, % B0 Histopaque (L E 1.077, Sigma
Chemical, US.A) ICEF L, EIRT 400xg, 30 min@h L7z, EIBIC PR L 7= ER % Ca™ /Mg~
& PBS T¥i¥ L, 10 mM NaN, % & ¥ Hanks' balanced salt solution (§5&EEEE, pH7.4) ICH
REE L.

R TRV UFa—TRO2x10°DIFHERIC, £ 7o (1.0 mg/ml, M,2.0x10°) R UIE
155k FMLP (100 uM, {RE VAW 200 mM) 78 T & 72X IEF AT, N-[phenylalanine-ring-3,4, 5-
*H(N)]-FMLP (1~ 100 nM, 2834 GBg/mmole, New England Nuclear, U.S.A.) % 2 Toifi5 & EERGEE W
200 ul 2MZ, 4°CT1~60minfrE > LRPHA U FaR—bLE. £ Fax— Mg, KIGH
% 0.1% polyethyleneimine [Z3 hiZE LT v bV GFCHZ A7 + V¥ —ToBL, 74
H—FEBITKW LR Ca"Mg"-RE PBS(Sml) T I[P L. 74NV —IERI V=, ¥
vF L —3arhy )b (AQUASOL-2, New England Nuclear, U.S.A.) ¢ S ERZ AEL /=.
FHIFMLP OREWEA R, £HEED S FRENFEA R (100 xM JEREH FMLP &4 F THIE L
D) EELSWTHEH L.

KRat Rt
FERITEN + BEREETCRLE. A—Ob 7 VoYBEECRI A7 VO VBATEEICN
T2 PATEEZ, [HD R Student's £ —HEIC & b S L 7=.
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i R

FHhRIC K 2RE SR
g5 4 27 %, cytochalasin B (5 pg/ml) 77 F FMLP (1 uM), opsonized zymosan (1.3 mg/ml),

TPA (100 ng/ml) ¥ 7=13 A23187 (1 uM) THMAL Lz pIkE & BT 37°C, 2 h &L =,
FMLP/cytochalasin B, opsonized zymosan N Uf TPA XA EE OE I BIREEHE R LED,
A23187 (Zfthiz tb~FFhr - 7= (Table 5).

Table 5. Cartilage degradation by activated neutrophils

Sulfated GAG content in yg

Experiment  Stimulation agent Medium [%]? Medium + Cartilage

1 Without neutrophils 1+1 1380 + 300
Non-stimulated neutrophils 163 [1.1] 1471 £ 222

FMLP (1 uM)
+ cytochalasin B (5 pg/ml) 184 £ 16 [12.4] 1487 +242
Opsonized zymosan (1.3 mg/ml) 172 £ 20 [12.5] 1380 + 204
TPA (100 ng/ml) 145 + 34 [10.3] 1407 + 271
2 Without neutrophils 00 1264 + 291
Non-stimulated neutrophils 29+8 [21] 1409 + 391
TPA (100 ng/ml) 145 =11 [11.1] 1303 £ 273
A23187 (1 uM) 67 £16 [5.0] 1350 + 250

Cartilages and neutrophils (2 x 10° cells/cartilage) were exposed to the above stimulation
agents at 37°C for 2 h. Values in pg are the mean + S.D. of five separate experiments
(except non-stimulated neutrophils in Exp. 2, n=10), where each was performed in triplicate.
*Each value in square parenthesis expresses the percentage of sulfated GAG content
released in the medium against the total sulfated GAG in the medium and cartilage under
various conditions.

FHRERIC K ZRE 5RO R

FMLP/cytochalasin B, opsonized zymosan ¥ /=& TPA THFHEKZRIE L, 37°C, 2 hiRBF L L i
E&LUE. £ 7077 —EHERNTSH 5 DFP [92] £721% a-1-PI R} ZHEBERICHEMT 2L, B
BAROBEERENRD Sz (Table 6). IEHRED I AR T v —TH % SOD KT catalase |~
IXEREBATEIER X3RS 5 N h o 7= . FMLPleytochalasin B J Uf opsonized zymosan O FIJ ¥ X}
LT, proteinkinase CRHEH|ITH 2 H-7 ORBOHRAD SN oz, FHIRLMEBEE R VA —R 2 —
METHME LIRS, REARIIITLALBERIN R o, IFPREEHKERCHLET 2 &,
FMLP/cytochalasin B G R U 7z #5 & (X B2 72 B0F S MM EI 20 SRS 3% & Wiz 5, opsonized
zymosan N OF TPA RIB L 7= 47 ERIC K § 2 23§ H > /=, Cytochalasin B(7 7 F L EAZINE
TH2ERMEER93) F/-1d anti-CDI8 (B, 1 > T 7 ) > BHERMT 294.95) ZHMNT 2 &,
opsonized zymosan THIF L =7 EKD BESFRIZERF RIS 7=, —7 , FMLP/cytochalasin B
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T OSTPA BB U 7= 57 A BRIC AT U C anti-CDI8 [XIF L A EEM A RE D o /=, Anti-CD1la (8, A
VT U LFA-l a$i R R T B 95) ICIEW TN ORI BT CHMEERIZRD N o 7=,

FMLP/cytochalasin B #¥ U = hERIC L 2MBABICNT I 7 VO U BOER

WE L IFHER (1 X 10° cells/cartilage) 253 FEODREZ 2 7)1V 0 2 B8 (2.0 mg/ml) 7 F F =139
#7E T, FMLP/cytochalasin B & ¥ $ 12 37°C T 18 h F TH3% U=, Fig. 12 107EMALI W= 57 hEkic
LE2MEDWMY A LI—ZA R Uk, BEER2 W CHERREAMMHNZD SN, HEHHE 18 h Tldik
B 5 OWMEEL GAG HEHRIT46% IZE L. L7 NVOVBHBELET 3 L, FHKOWG /MR 18
hFEFTCMFlanZ 7o BoMEHMRIIE 7 V0 VBAFRIKEL TV R, FEEREG6
h ¢k, 7)o v BOWESRIMEIRRIE 0.1~2.0 mg/ml D& T EBEMENTH > /= (Fig. 13).
COWEDSY — U IiTEHB I8 h TCHEML L Rbro . EMBEMVERETY, HREOHRS L
RIS & 70 n RIS R BKIC X BB E IHI L 7z (Fig. 14).

gf Bk % T8 FMLP/cytochalasin BT 90 min f¥ L7=%, £ 7V O VBRUREZRML, 5
IC6hITE L. 7D VIR EARGEICIRB 2% I LD, 47 BREHIIZRO S hi
h o 7= (Fig. 15).

60

GAG release (% of total)

- 1 a
0 6 12 18
Incubation time (h)

Fig.12. Effects of FMLP/cytochalasin B and hyaluronan (HA) on kineticis
of cartilage degradation by neutrophils. Cartilage and neutrophils (1 x 108
cells/cartilage) were incubated at 37°C with (M, A: 2.8 x 105, [J: 9.5 x 105,
O: 2.0 x 10°) or without (@: positive control, ll: negative control without
neutrophils) 2.0 mg/ml HA in the presence of the stimulation agent for
neutrophils. Each point represents the mean + S.D. of five or six separate
experiments, where each was performed in triplicate.
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Fig.13. Effects of hyaluronan (HA) on neutrophil-mediated cartilage
degradation in the presence of the stimulation agent, FMLP/cytochalasin B.
Cartilages and neutrophils (0.9 x 10° cells/cartilage) were incubated at 37°C
for 6 h in the absence or presence of HA of different molecular weights ( EJ:
2.8x10°%, EA:9.5x 105, ;2.0 x 10%) at 0.1, 0.5, and 2.0 mg/ml. Control
cultures are represented by NC (negative control without neutrophils) and
PC (positive control without HA). Each column represents the mean +S.D.
of five or six separate experiments, where each was performed in triplicate.
Statistical significance, evaluated by the unpaired Student's t-test, are
p<0.01(")and <0.001 (***).

251~ -

15

10f~

GAG release (% of total)

AN

ol—=1
NC PC 0.1 0.5 2.0
Hyaluronan concentration (mg/ml)

Fig.14. Effects of hyaluronan (HA) on neutrophil-mediated degradation of live
cartilage in the presence of the stimulation agent, FMLP/cytochalasin B. Live
cartilages and neutrophils (2 x 106 cells/cartilage) were incubated at 37°C for
6 h in the absence or presence of HA of different molecular weights (E): 2.8
x 105, Bf: 2.5 x 105, [ 2.0 x 10%) at 0.1, 0.5, and 2.0 mg/ml. Control
cultures are represented by NC (negative control without neutrophils) and PC
(positive control without HA). Each column represents the mean + S.D. of six
separate experiments, where each was performed in triplicate. Statistical
significance, evaluated by the unpaired Student's t-test, are p<0.05 (*) and
< 0.001 (***).
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Fig.15. Effects of hyaluronan (HA) on cartilage degradation mediated by
neutrophils preincubated with the stimulation agent, FMLP/cytochalasin B.
Neutrophils (2 x 107 cells/ml) were preincubated with the stimulation agent

at 37°C for 90 min. After preincubation, cartilages (cartilage/2 x 108 cells)
and HA (M, EE]: 2.8 x 105, E3: 9.5 x 105, : 2.0 x106) at 0.1, 0.5, and

2.0 mg/ml were added to neutrophil cultures and incubated at 37°C for 6 h.
Control cultures are represented by NC (negative control without neutrophils)
and PC (positive control without HA). Each column represents the mean +
S.D. of six separate experiments, where each was performed in triplicate.

Opsonized zymosan I U = 8F HERIC L 2B ARICHT 2P0V BOKEH

FMLP/cytochalasin B 12 & % RIBI D A L B HKIC, BE L FHER (1X 10° cells/cartilage) % & 7 )L
0 URREFAE T £ /2I3JEEAE T, opsonized zymosan & ¥ I L7z, Fig. 16 IZiEM b h =it
RIZ K 2BHREY 4 AhT—R 2R U=, 7V 0 VEBEGRE T T, EHRRIC X 288538 —
~iZ FMLP/cytochalasin B THIFH L Z /AL BL LT =, e 7OV BERINT 2 &, EHERIC
L 2MBOBICERNIENPBRIN:, BRE2 LT, 2FBOAIREZILO LB (M 9.5
X10° F1F2.0%10°%) 1% 0.5~2.0 mg/ml OEHH TG SR % WEKREN SIS L= Fig. 17). HF 58
20X10°QDe7 N0 VR, FAFRISXICDHD L D BNMEIREERLE. —4, A FE2.8x
10° DL TV B, A LTI IR L A CIRE S RANE L ot S REE AT
AR AR TH - = (Fig. 18).

4f 3k % opsonized zymosan T8 30 min FIE L= BICt PO VL EEMNZ, X5I122h
5% U7z . FMLP/cytochalasin BCHOFIB L 72BEL B2 0, £ 700 VMBI 0.1~2.0 mg/ml D
BWH TG E R MBI LR Do 7= (Fig. 19).
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Fig.16. Effects of opsonized zymosan and hyaluronan (HA) on kineticis
of cartilage degradation by neutrophils. Cartilage and neutrophils (1 x
10° cells/cartilage) were incubated at 37°C with (M, A 2.8 x 10°,[7: 9.5
x 10%, O: 2.0 x 108) or without (@: positive control, Bl : negative control
without neutrophils) 2.0 mg/ml HA in the presence of the stimulation
agent for neutrophils. Each point represents the mean x S.D. of six
separate experiments, where each was performed in triplicate.
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Fig.17. Effects of hyaluronan (HA) on neutrophil-mediated cartilage
degradation in the presence of the stimulation agent, opsonized zymosan.
Cartilages and neutrophils (1.1 x 108cells/cartilage) were incubated at 37°C
for 2 h in the absence or presence of HA of different molecular weights
(FR:2.8x10°%, I:9.5x105, ;2.0 x 10%) at 0.5, 1.0, and 2.0 mg/mi.
Control cultures are represented by NC (negative control without neutrophils)
and PC (positive control without HA). Each column represents the mean =
S.D. of six separate experiments, where each was performed in triplicate.
Statistical significance, evaluated by the unpaired Student's t-test, are p <
0.01 (**) and < 0.001 (***).
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Fig.18. Effects of hyaluronan (HA) on neutrophil-mediated degradation of live
cartilage in the presence of the stimulation agent, opsonized zymosan. Live
cartilages and neutrophils (2 x 108 cells/cartilage) were incubated at 37°C for

2 hiin the absence or presence of HA of different molecular weights ( ]: 2.8

x 105, B:9.5x 10, ;2.0 x 10%) at 0.5, 1.0, and 2.0 mg/ml. Control
cultures are represented by NC (negative control without neutrophils) and PC
(positive control without HA). Each column represents the mean + S.D. of six
separate experiments, where each was performed in triplicate. Statistical
significance, evaluated by the unpaired Student's t- test, are p<0.01 (**) and
<,0.001 (***).
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Fig.19. Effects of hyaluronan (HA) on cartilage degradation mediated by
neutrophils preincubated with the stimulation agent, opsonized zymosan.
Neutrophils (1 x 107 cells/ml) were preincubated with the stimulation agent

at 37°C for 30 min. After preincubation, cartilages (cartilage/1 x 108cells)
and HA (M, [F3:2.8 x 105, E4:9.5x 105, [l]: 2.0 x 108) at 0.1, 0.5, and

2.0 mg/ml were added to neutrophil cultures and incubated at 37°C for 2 h.
Control cultures are represented by NC (negative control without neutrophils)
and PC (positive control without HA). Each column represents the mean +
8.D. of six separate experiments, where each was performed in triplicate.
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TPA 7=k A23187 CRIB L 2 iFHRIC X 2BEBABICHTIe7ro v BROEH

BE L 5B (2 10° cells/cartilage) 23 TREOERZ 7))V 0 VREFA T ERIEFLET, TPA
FIXA23187 L L HIC37°CT 6 hIEHE L. WTNORBEHTTH 0.5 mg/ml L FOL 70
VRBIMESRITITLALRELYT, 20 mgml TEATFRE TV D VM, 2.0x10°) [N
DR 5z (Fig. 20).

40 TPA -
§ 30}
S 20
E 10}
3
0™—\C Fc o1 0.5 2.0
o5~ A23187 -
S 7
2 15) E 'R
: 15 % | %
3 10} 7 7
o % ' %
% 5| Z i
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Fig.20. Effects of hyaluronan (HA) on neutrophil-mediated cartilage degradation

in the presence of the stimulation agents, TPA (upper panel) and A23187 (lower
panel). Cartilages and neutrophils (2 x 10° cells/cartilage) were incubated at 37°C
for 6 h in the absence or presence of HA of different molecular weights ( [E: 2.8 x
10°, E4:9.5x 105, ;2.0 x 10%) at 0.1, 0.5, and 2.0 mg/ml. Confrol cultures are
represented by NC (negative contro! without neutrophils) and PC (positive control
without HA). Each column represents the mean + S.D. of six separate experiments,
where each was performed in triplicate. Statistical significance, evaluated by the
unpaired Student's t-test, are p <0.05 (*), <0.01 (**), and < 0.001 (***).
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[HIFMLP OSSN T2 7V VY ROESR

BYRVIRESBINEERZ R L 7)VD VB8 (M, 2.0 X10°) 1.0 mg/ml K UJEAZ:K FMLP
(100 uM) HFAE F E =L FEFAET, 1~100 oM PH]JFMLP & & % 3K % 60 min o > F 2 _X— |
L7z. PHIFMLP O £fE &8 R 5# 60 min TEEICE L7z 2 LIZPMIICHER L. RO
B PHIFMLP #5413 60 nM THIAI L /= (Fig. 21). Scatchard 24712 & b Kd KU Bmax i Z h2h
7.5 oM KT 11.8 fmole/10°cells (224 b 7290 5 GEAIBUCH M) Lo, 7D VEIZWT
N PHIFMLP B T  IF RO R B PHIPMLPESICIZE A LRE L R’ o7, e7vo Yy
FE774E T C Scatchard 234 3% &, Kd } O Bmax i 5.4 nM J& ¥ 11.2 fmole/10° cells (#i fiZ 24 b 6990
FEATAIEICHY) Lo 7.

1~100 oM ['HIFMLP % % =154, PHIFMLP O£ 548100 T 2 ERENEA8IX 6.4% U TF
THY, FEET7IVO VBRI ELTCHIREBTINRP oI, 2BEARERIERE LT
CHIFMLP AT T2 7))L 0 VR (1.0 mg/ml, M, 2.0x 10°) OFEFFIEZ2E % 100 oM [*HJFMLP
FAETTHRE L. 2 OFBSR, 1~60 min Q& T 7 )00 VR IFHRAD PHIFMLP A RIS

B\ Db o 7= (Fig. 22).

25p

Bound/Free

L] L] L] LS
0 25 5 75 10 125
FMLP bound (fmole/10€ cells)

[®H]FMLP bound (dpm x 10108 cells)

0 1 L 1 1 1
20 40 60 80 100

[*HIFMLP concentration (nM)

Fig.21. Effect of hyaluronan (HA) on specific [°*H]JFMLP binding to neutrophils. Increasing concentrations
of [*H]FMLP were incubated with cells at 4°C for 60 min in the presence (®) or absence (0) of 1.0 mg/ml
HA (M, 2.0 x 108). Specific [*H]FMLP binding is defined as the difference between binding in the absence
and presence of 100 yM unlabeled FMLP. The points shown are from three separate experiments. Inset
represents Scatchard transformation of the data.
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Fig.22. Effect of hyaluronan (HA) on the kinetics of [ *H]FMLP binding
to neutrophils. Cells were incubated with 100 nM [*H]FMLP in the
presence (@) or absence (O) of 1.0 mg/ml HA (M, 2.0 x 10%) at 4°C for
the indicated periods. Each point represents the mean + S.D. of three
separate experiments.

FHhROEFERICRETEZ VO VROEE

R FOEL v F 21— TATHHBK(1.4Xx107 cells/ml) % FEEH6 K R FBS (5%) L& 7 )b D
Y (2.0 mg/ml, M. 2.0x10°% % &% RPMI1640 [ZfE# L, 37°C C20 h F CHIE L=, fifaEEx
MUY TV —HERERIC L DEHE L. e vD VERIZ 20 h ECHIfaE FRICEB L RP o

(Table 7).

Table 7. Effect of hyaluronan (HA) on neutrophil viability

Viability (%)

Time ( h ) after incubation Control HA
0 92.8 +0.4 -
25 83.0+1.0 85.4 +3.7
20 75.4 £3.7 76.5 +2.2

Neutrophils (1 .4x 10 cells/ml) were incubated with or
without (control) 2.0 mg/mi HA (M, 2.0 x 10°) at37°C
Values are the mean = S.D. of triplicate determinations.
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##fh Bk % FMLP/cytochalasin B, opsonized zymosan ¥ /=3 TPA THIET 2 &, 8E » 5 OFHML
GAG 23582 L U=IE DM HMEEZ = (Table 5). WITFNORIERZ HWTH, FHLEh
T HEKIC X B RE AL DFP© a-1-PHIC X b s < Il /= 2 & K b (Table 6), BEHBIHE
NHBERECIFITLIRY —ERATFT TGV o 7ur7—E¥hEE5T 52 LhRaEh
. SNITPER DT 8184] &L —F T D, —7, SOD % catalase |FREBSRIZEE Lizh oz, X—
IS—=Z FY A FLBBRAKRIIRESRCEEBR LW LHAREIN, TN REFDHE (83,9,
IME—BLI=. R) A—REx— MNETHPIKEREBEZ SBET DL, RESMIIIZLALROLN
Ripode. INEDIFHRERZMERTICMELTED, FHkisko 70577 —EHmERE T S
REICRZ LI VREHBOSIEHIRBINZ2 DOLEZISND. TDZ LXK, invitro TOH
HIRIC L 2B AR L, REANOIFHFEROEBHEIEEL T2 LW S Bl O (8I1EFJE LRV,
FHROBAE LA LB OSBIEEIHET DI XD 991, FHERPEBT 2EBESFOUVL
DCHDB, A VTT IV OMGEE) 2 O0—F VHEEHVWTRELE. L2 LAEDS
anti-CD11a U anti-CD18 [ZEBE A RICITL ALEEB LRI o=, B, 4 VT 7 ) Vi hIkIC &
6ﬁ%ﬁ%tﬂb1%%bmh®@t%i6né.mmamm;wwmmqmmmw&ﬁ@ﬂ$
BKIZ X 2R 2 50 < I L7225, SHILEFHIKD zymosan R ZIMH Uiz 2 IR T 3 [94].

4F ¥k % FMLP/cytochalasin B C 6 h (Fig. 13) & 7= {3 opsonized zymosan C 2 h (Fig. 17) ®IE L /=
By, WIS X 2IEMRII e 700 VBEERENICIHIENE. eV D VB
OWHZNREH S PICe 7 VD VBRATRICGKELTED, Blce 7)vorBHARD BEE (2.0
mg/m) DL FICFETH o7z, FFE20x10°Q 7)) 0 VERIIREIRE RS R IMHI L 7=H,
FHROEFERIZIFZE LRI /=2 & (Table 7), MBI ELE LTV 2B E AN
THETNO VRIS X 2 MBIRIME Y — 2 28D R P o= & (Fig. 14 BT Fig. 18) L b,
E7)V0 BRI AIROMERICED CBEAMICH LTREBLTWREEI NS, £l 7)vn
VBROGFEMNHIMNT 21660 TR T 2HED, TR L 2RELHBOMEICES LT\W3 2
EERIEINS. Bl s, BATEOE 7N O VEBBEHNEL 28 WHIED, R REGD
iz THRICIET 29 DOLEZISNS. ZOWFREMIIE 7D VEIERE RS FRIKENICH
MKOEHPEELZHET 2 &N DM 9,100012 & b ZRFEh 3.

Opsonized zymosan {Z J&% U 7= fF PEKIC & B E AR, B5#%% 2h € 1.0 mg/ml M Lo &5 F
BE7Z)VOVER(M 2.0X10° KU 9.5x10°) CHF &N, HTR28x10° DL 7L VR IIHRET



LETARTORETIILALMGINREZRI BRI, BATFEOLE 7V OVER (M, 1.1~2.9Xx10%)
(£ 0.25~1.3 mg/ml DFRE THMKDO BREHAE T2 I LHWESIN TN 3 [8,101,102]. HEHK
BAREFRTHILIE, EATHERTH % cytochalasin B % anti-CD18 S8R 5 53 % B Z 1 0
THIEXDHERST NI (Table 6). > THEATFREL TNV O VB FHOEK TS 3WITE Y b
T — 2\ 3FH R EBOEMAHIET 2 Z LICME, FHROBREZESE S Z LIZ X hREHH
EPRITLLEZOND. EEETLOVEIC X BFHROERMEIIRELHREOMEIC T L B
9% Z &, opsonized zymosan T FHHIF L 7= 4K, BIH zymosan 2 HR L =i BROEFH
I LTe )0 VREIMEBWER 2R RWZ L THREN S (Fig. 19).

FMLP/cytochalasin B CHFHERERIE L 7=38E, AVt 7)vn VB3 _TH 2.0 mg/ml THHEK
DOWEFRE DR & 18 hil# LJ= (Fig. 12). I i opsonized zymosan % FV\ /= 134 & I3 FHE
WERRDFERTH o7z, Opsonized zymosan Z W3 &, FEES 1S h T 7)o Vg 2.0
mg/ml) DHEFRIZIT L A LR S5N R (Fig. 16). F 7= opsonized zymosan RIE{ F ClZfEH £ R
RN0.5mg/ml L RO 7)vn VS, FMLP/cytochalasin B R F Cld A BRI B 5 2 &I L=,
FMLP/cytochalasin B 2 AW = EOMEBE AWM N T2 70> BoEAERIL, opsonized
zymosan Z WIS L IR OMWICRR L2 DLEZIONS.

FMLP OfEAIZHIIAR LD L€ 7% — &N T 3 [103]. £ ZC PHIFMLP O#F HIRADFEAITH §
Ze7rvn s ROFEEEZHANE. L7002 (1.0 mg/ml) FFED BOCRESFNHIER RO
FE20X10°ODHDERA V. TORKRE, & 7)o BRI PHIFMLP O#5E 1C B8 ¥ 3 (Fig. 21),
FMLP RO HIKROBEICN LTERA T2 Z e PR Ehiz. ZoaEetid, F& FMLP T 90
min FL L, FMLP O fEADBHHLHM U fF Bk (Fig. 22) IS K MBS L, 7D U @hs
NEERZET DI L THRIND (Fig. 15). FMLPD L + 7 ¥ — &S &I B 2857121,
HH%EBRRZY GTPHEAEY VXV EPNET 2 2 L BHE I T\ 3 [104,105]. HE, iFEk%
H H%#HR CTHifllHE 3% &, FMLP/cytochalasin BRI L 7= 57 HHERIC & 280E A RIEHE CPHET h
7z (Table 6). LH» L7RH%5 opsonized zymosan LU TPA 2 FIW=IFAIKIFE A CEEE2Z T 2o
= FHRROBREIHHEKERICEEEZT RV EHIREZI N TV B [106l. FMLPiZ L £ 7% —
ICHE A, FPEROMAZA Ca ¥ E @ L7 % protein kinase CDIEM LA B SR I T L HBES N
TW3[104]. Z CTHIFEAN Ca* % FIF % A23187, UK protein kinase C O VEFMEALEITH 2
TPA T 6 WP L F kOB AR HT 270V BOREBEFANE. ZOKR, 05
mg/ml LT e 7o yBOMmERIRITR <, REEE 2.0 mg/ml) OEFFEEL 70 VM.
2.0x10%) ICHVEWE A DSER® S 7= (Fig. 20). & O $4 — > i opsonized zymosan Hill B & 5EA
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L TW/z 5%, FMLP/cytochalasin BRI U723 & L IXBAEIC R R > 7=,

FMLP L ¥ 7% —3MilatH > R A vty ¥+ —"TH 3 inositol 1,4, 5-trisphosphate %> diacyl-
glycerol 24T BHRAR) )= C LAy TNV LTWBD, RIAFKR)IS—L COEH(LICGTP 5
BY YRV EDPNET B 104, Th S —HOMBAEREERIMBRICEELTWS. F1E7T,
MlXE o7 o VgAY VNV BICHEE LEe 7D VERD, MR EIc R T 5
BRI DOWTHER L . BEEMEOZLIZMIRALH Y RA vty O v —BARET 2 2 LIRS
INTNB[108,109]. IHICET7 O VERITMENICEZELRWC L5 2FER TS L, MET
BEEL T 2N EREERICE T VO UBARE LS X2 WREMESE I 22 LN TES
(Schema II £8). Protein kinase C JHZE [T # % H-7 i& FMLP/cytochalasin B R U /= &F Bk O # &
SR %E I Ligd > = (Table 6). FMLP I X 2 4F Ik O#EE Z (LI iX protein kinase C & I 37 L
EHEHHED 28 107], FMLP I X W RENICRRZ W, »ORESMICHEET 2MEEIC L
Ter Vo vBRPREETHAENHOEZEZIO5ND.

IEDHRID, BRI2FBRICKDEREINEHFPROREFBIIN LT, e 71D U BOK
BABNEERIXZENZNRR I DRI NE. e 70 VEBROMGIHERIZIIRE N DO RTH
5T 22 LEREINS., FAEMBEREIC BNV, BoaFEOL 7)o U BIZIFPIRIC X 2
555 & 0 BRI S R T B EF AT 5 2 L DRIREN D,

Schema II. Signal Transducing Unit in Plasma Membrane and HA

agonist (FMLP) HA

HA receptor
receptor

(cell surface)

VOO

*
effector

* phospholipase C
ion channel

2nd messenger
protein kinase C
i ca®

G-protein
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B3IE Sy MFHROZX—N—FFY 4 FELICHTIEERTEICa—
IhkagE/7n07) G, ERHBERSIERTeE7Z VO VBOESE

-

BMEREET V) 2 —~ F R IR0 & T 2 RAEMBIEE TIX, BEMBANOHHFROZEIFEETH 2
(78, 79,110]. &F HEKIL AR R D NADPH oxidase DfEAIC L D A ——FF YA F 7=F > (0,) %
WERES 2 (111, kL O Ik 58Ik /AKFE, hydroxy radical, singlet oxygen & UF
hypochlorous acid & \\ o J=ft DGR REA~E BRI NG 3 (111]. Zh S OVEMERS R B -k
NUTHLZOREEZEZ S ZLHRENTWS. BIFIEHO 7V 0 2B OHR (8587), 1M
D7V CRREME [112], REMROEMIME [113], 2 WEKFITBF 2707V HhY
ARPHE [97, 114,115 B[ SR T L BBEETh TN 3.

BEEIE A I TR MED 2 WX IAM G 0 7)) DIREMDELE U, RO IEMIRREL &R
BB eMMESINTW B [116-121). UL LARDBSTEWRZES 07 ) VREMIMEATORF
MREOLBZIRAE T 2D, MIEN~OEMICIIRED R\ EHRI N [118-121], BIEIAIC BT
LG EIC N LT EE TR & 3 21580 & 2 [119-121). HiE M BIEHE O BIMek & £ 8\ 1XE8
WP ORETO T ) G IgG) DUEFRDOLN TS [122,123]. TD XD RIE ZHFHRE A
YF¥AN-PTRE, RERECESHOHPIRIEET 2 2 EPBESIN TN S 124, REICHES
U7z 1gG 38 L hIRDTEAL ) AV el b, IFHERO O, EEER{RET 5 [125,126). #ARE
EOBAEHTHIIRDEET 2 0, 1d, FHRAR AR Y ¥ —TH % superoxide dismutase DIEF %
RIFIAWZ EHREN TN B [127]. 55T 1gG DWE L =8B RE L TOIFHIRD O, EELE X,
BEHRRIC N LT X hBWEER 5 X 2AREMNE X SN 2. FHROEEBREELICHN T 2 BI5
WOLE 2R WS (116-120, WIFNHBEREBOFFREANTND. EE LEFHRD
O, EXBEAREOBEICRHELERZIT 22 LPHEIN T WD [128-132]. LA LM S BEEH
W 1S 2 BEE M AR DI ERIEMEAL ) H Y RISDOW T, S AR U OB RS &, BAEE
ZEEMVTHAEREERW. £2 T MEERPORMOREN EEGTFIRREEL ) HY o
FHEERRT DL L HIC, MEMMICN U TREDSREN LEZ SN2 EEHF HERD O, FEL%E)
ZREI L. SEHFPRBEERELZE 7V OVBICK DB TZ L, iFHKRO O, ELEICHLTY
DEDBREBEDVRDODN 200 L. XMRTIIMEMC EHIND O, 2RENICKRIETE 2
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cytochrome C ZfW\ 7=, Z DR, [gG I — M RA L TOIFHIRD O, BEAIX, #57H % BIEHK
TILIKI—PTHILICLREINE. COFRICIIBEEROMAZEDH > . BEIEIEEM T
KELE L TH O, EERIEHNRIIFZD S ah o7z, 1gG L HErRBER A O O, EEREYE
BXEAFTHY, 7uFr7—¥F 721 O-glycanase PWHIZ & b RIE L=, HHIKES RE 2 G R
UBEISICREATI— b T2AIKe 7OV RRICK D RAWHE T 3 L, RO O, EEFIH I
oo FRIgGERIIBEEMICL 2T —-MRCE TV D UBREREIV RS, RUF1gGa— MEHE
ELT7VOVBRTESICUELEBAICS O FEAPMHIEINE. e 7D VR 1gG K UBIEI
@ 1gG K@M P IRIEHALMBE ORI E 2MHI T 20, HI5WEREINELEZE 7 VD VB
DPEENICIFFIRD O, ELEZWH T 2 Al R I N =,

OB &

B . '

BAENR DI &4k 5 M R REEE B & b BAEIUE BREL L 7= . $RER U 7= BBER I -20°C TR %
L, fEAIRFIC 4°C T 11000 xg, 20 min@E0 L, TEWE RV 7=, 4t 5K X Hanks' balanced salt
solution (HBSS) T 2 f&&¥ L/z. —&B DOBAEI M (2 f5AFK 5 ml) & HBSS Tk U 7= Affi-Gel
protein A (Bio-Rad, US.A)) 2ml L{EH L, 4°C TIREABRLE. EBOLTTNVERWEHE, L
BFEIVRTZ 74 NVI—(F4 THV, KPP A X045 pm) T@A LK. #EAT 2 B@EmICiX, EA
EZERFTI2HOUNEIARTT—=IVLE D EHWE.

Bfimos vodrue b7 14—
BASI WD 7 V1@ i3, Sephacryl S-500 (Pharmacia LKB, Sweden) 7 2 A (2.5%x92 cm) # ),
HBSS 27 & LTACTIR>7=. A AIZIIHBSS T3EHFML, 045 yum-7 4 V¥ —7TO

8 L 7=BAEh 10 ml Z¥RIN L, mAHHE 13 mVh TEH U7z, AHBIES ml §O 48 L.

b BRI E RE
24570GR ) XF VL ¥ 71— b (Comning, US.A)IZ0.15 MNaCl IZWERE L /=5 v b rn 7Y >

G (IgG; 0.5 mg/ml, Cappel-Organon Teknika, U.S.A.) 0.5 ml/well ZRIM L, 4°C T—MEET 22 &
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LD IgGREREI—MPLE. 7L —1ME0.5mlD0.15MNaCl T 4 [\ L, —RUHFL — b
ELE, —RUHE7L — MZIZ 512 2 f5AFBIEIHZ 0. 5 mUwell AL, 37°CT1h HE L.
71— M3 0. 5ml D HBSS T3 E¥EHL, _RAET L —h & L.

D=8, ZRAARRC BI@iWIC X T, Affi-Gel Protein A UEE BAEME, 7 > BRIR M7 (FBS;
Hyclone Laboratories, U.S.A.), VJ 2 —<FHFEH b I (RF-serum; 20% R, The Binding Site,
England), EALEE & 7= (3205 £ L b 1gG (1.0 mg/ml, Cappel-Organon Teknika, U.S.A.), LI ¥ /=
(L #4 % 4E C-reactive protein (CRP; 0.4 mg/ml, Chemicon, U.S.A.), % 2\ Ih S DEAWEY =)V
ICHMUZ. & b IgG OFBEE/LIX, HBSS IZVAM L 10 mg/ml & U 7= 1gG % 63°C, 1 Wil § 3
CIZE Dfilr o7z, CRPOEBREIT TV — PO RILEERIIC, 2.45 mg/ml DEE T 63°C, 2
min 177 o 7= [133].

7TV — O YL BIER D )V mEE B & AW T H TR - . ZOBIERRY )V DHE S E
YIC DWW T, X 5IZ chondroitinase AC (0.31 U/ml, & 1t T.2), hyaluronidase (78 mU/ml,
Streptococcus dysgalactiae H1 3%, 1t %% T %), glycopeptidase A (1.6 mU/ml, 4 {b % T %),
N-glycanase (33 mU/ml, Genzyme, U.S A.) ¥ /=i O-glycanase (0.083 mU/ml, Genzyme, U.S.A.)T
37°C, 24 h, 3 %\ i trypsin (1.6 mg/ml, Flow Laboratories, U.S.A.) ¥ /= | actinase E (0.63 mg/ml,
RIFEER) €37°C, 1h R L, Th S ZAWTHBRIC T L — b ZRAE ZTR - .

IgG = IXBEEMMRAORERECH LT 7D VB (M, 2.0x10°% 9.5x10° K1F2.8x10°, &
4i 1 BESR)PRET 200 E50RE T 559, 16 R BEHMTRENET 2K 7
Vo vBg©.1, 0.5 KRU2.0 mg/ml) ZHESEE. IS5 TV —bE2TFHE7IV D U (HBSSIAH)
THLI (37°C, 1h) ULEBAE, £/21gGE2I— b LE—RUET L — b 270D UFRTRUHE
(37°C, 1 h) LEBAI DN T HMET L.

B IR ORI
PRSI 2 F|ICFEH U2 U FREKROEERIT M VS TV —HREIC LD
2L U 7= 5, #EIZ290% ML ETH o ).

A—=N—=ZFFYA4 R7=2FORE
FhkbroBEHINER—)S—4FHY 4 R7=% > (0O, ) catalase (65 KU/mg, Boehringer

Mannheim, Germany) 7£7f F, superoxide dismutase (SOD; 3570 U/mg, Sigma Chemical, U.S.A.)IZ X
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hEE SN2 cytochrome C (Sigma Chemical, U.S.A.) i@ tE & UTHIE L7z [134]. 4L ORENLE
2782727V — NI, SOD (50 ug/ml) HFHE R (75 >V ) E=IXIEEAET, cytochrome C (200
M), catalase (5 pg/ml) K UHFHERE IR (3.6 X 10° cells/well) % 27 HBSS(600 pl) M Z., 5% CO,,
37°CT90 min £ THEHELE., RISXFHIRERMT A LICIDBKLE. 750 23E&RHET
CITRYE L. BEB# T, SOD (100 pg) %23 HBSS (400 pl) ZHMI L, BHIZ Kk ETHEITS
LI REEEIET R, RIGHIE, FHEESS00m, V7 7L ¥ K 540 nm 12 BiF 2K
BEEMELE. O KR, 75 V%2 LW/, 550 nm - 540 nm IZ BT 238 It cyto-
chrome C D I ) E)VIBEREEZ 191 & LTHHI L.

[gG R U'BIEIM CAULEE L7 7" L — b RE LT OIFPIRD O, EEA 2R IR 1T 2 =0, 1E
ROMDRIELZ ORXEDORNZNR AR L. AWEREEOPIZIKERED S ODBEEN= =0,
FRIREEBICEF v V7 =L LT 01D U VIET NV TI VEMA . ROBDERAWE; i v
NCD11a €/ & 0 —F )VHHA WT.1 (anti-CD11a, 1:50 755, (b2 T%), $#i>5 v s CDIS €. n—
F Uik WI.3 (anti-CD18, 1:50 ¥R, 16 T %), 1-(5-isoquinolinesulfonyl)-2-methylpiperazine
dihydrochloride (H-7; 500 M, 4L %# T.2), staurosporine (100 nM, Biomol Research Laboratories,
US.A), N-(6-aminohexyl)-5-chloro-1-naphthalene-sulfonamide (W-7; 500 uM, &b 2% T %),
calyculin A (1 uM, FIJEHE2K), okadaic acid (1 pM, 1 H3K), genistein (50 pg/ml, Extrasynthese,
France), cytochalasin B (5 pg/ml, Sigma chemical, U.S.A.) & T dibutyryl-cAMP (di-Bt-cAMP, 1 mM,
Sigma chemical, U.S.A.), —&DHFHEK (1.2X10° cells/ml) (Z8) 7O L > F 21— HTCHHE%SE
F (100 ng/ml, BHFEIIE) 12 & b 37°C, 2 h HiiLHE L )=, Staurosporine (10 mM), calyculin A (1 mM),
okadaic acid (1 mM), genistein (100 mg/ml) B ¥ cytochalasin B (2 mg/ml) it $& ¥ X F )l Z)VR¥F
YRCHBEREL, AT 2ET-200C THRELE.

A I PRI

IgG, BAf, R e 7)o VS THIE L7=24 X7 L — b Z BV 7=. SOD (50 pg/ml) KX catalase
(5 pg/ml) % Z s HBSS (600 pl) [ REE U= 1P ER (3.6 X 10° cells/well) & ™ = )VIZERIM L, L2 D%
' F 5% CO,,37°C €60 min £ > F 2~_X— b L/=. HBSS T 3MIBEDHICHS L=, BEHITN
PHMBE T CEERR L. BEEMIY s VICOZXERIC Iy BAE. BB L-EHEI h—F
HREY b OMfEEE L.
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[g6 2— PRE LTOHFHRD O, ELE

kA 1gG O — PRE LRI (FZXF v )RALTEELE. O, EEY A LT—X
iZ 90 min ¥ THF~/= (Fig. 23). HFH BRI 15 min 2 5 60 min F TIXERNIZ O, BELEEIN=.
FFRERD O, BEA 1gG 2 — M T2 2 &I K DIAZITRES N /=, RELE T 2 KR [gG A Bk
#H% 0.001~1.0 mg/ml OEF TR % Fig. 24 12778 Uk, HEERIZ 60 min & Uk, Fd
BRD O, FEAZ 0.5 mg/ml D 1gG THRAIZZE L. [gGC DR EZ v P RUE bTHE L. RET—
b5 IgGEERO0S mg/mle L., COFBR, FHERM 60 mn ©,7 v b@K: 112+ 04
nmole/10° cells, & N HI3l:12.1 £ 0.6 nmole/10° cells, 2> O —)V (75 ZAF v 7 £H): 08 +0.1

nmole/10° cells (TN $ n=3) &% b, v MEUE MTOEITDONRP o=,

20

release (nmole/10° cells)

2

O,

0 15 30 45 60 75 90
Incubation time (min)

Fig.23. Time course of O; release by neutrophils on plastic (O)
and |gG-coated (@) surfaces. Each point represents the mean +
S.D. of three separate experiments, where each was performed
in triplicate.
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Fig.24. O; release by neutrophils in response to varying concentrations
of IgG for surface coating. Cells were incubated at 37°C for 60 min on the
surfaces. Each point represents the mean + S.D. of three separate
experiments, where each was performed in triplicate.

IgG6 I— M REOBIMIMIC X 2 “RAESFHRO 0, BEC RIFTRE

IgGa— bt L7 7V — M EBIEIBIC & b ZUULEE U =3B A D IF IR D O, PEE 258 %, HEakmsRy
60 min THREF L 1=, [gG I — P REZBEHM CE SN T2 LIck b, IFHERD O, FEE DK
2ECTUET 22 LD o7z (Table 8). T O O, EEA{RAEFMEIL, BAMI W% Affi-Gel protein A ¢
WEBLTHRDNRDP =, —F, 75 RF v 7 HE% EEHCUELTHL L O, EEE(RENER
RO H5NT, BIFIRICE b IgG (1.0 mg/ml) 2HFM U THRAKETH - 7=, BEEHHICRZI T,
RFE-serum, FBS, ZABEE K UL CRP BIRi M PIC AT 2 2 L HAMEI W TV B [135]), $ B0
(& RF-serum {RANE 7= (X RO ZABE R UL E N 1gG OB A KA LD, W Th & S
WL 23R E2FOH DT Rr o).

BAERALIRIC & 2 5F IR O, BEA (R E B RISBIMMEE ISk E LTHD, 8EANTITIRA
&g oz (Fig. 25). R O; EEE(TERIC BT ZEAHMOMA L LS L. B 22 fioR
REBEDHDEFEAL, TRTC2H/HRLE. CORR, 186 3— MXRETOBIEHD O, FELE(R
EEHICEAEZDH D, 2L EEETIRVEEBR SO SNz (Fig 26). £ T5RFv 0%
%R TUEYT 2L, O, BEERERZRTESE RS > 120, T OBAIC S FAEIZED
bhiz.



Table 8. Effects of various treatments of plastic and IgG-precoated surfaces
on the O, release by settled neutrophils

Treatment O, release (nmole/10° cells)
Plastic surface No addition 55+0.2
SF 3.0+0.5
SF +hlgG 3403
lgG-precoated surface  No addition 16.1 £1.2
SF 29.5 +0.9
SFincubated with
Affi-Gel protein A 264 1.9
FBS 188 +0.4
hlgG 20.2 +0.8
Heat-aggregated hlgG 19.6 £0.2
RF serum 179 £1.4
higG + RF serum 19.1 £0.8
Heat-aggregated higG
+ RF serum 20.0 +0.9
CRP 15.8 +0.7
Heat-aggregated CRP 16.4 +1.8

Plastic surfaces precoated with or without rat IgG were subsequently coated with
synovial fluid (SF), SF incubated with Affi-Gel protein A, fetal bovine serum (FBS),
human IgG (hlgG, 1.0 mg/ml), rheumatoid factor positive human serum (RF serum,
20%) and C-reactive protein (CRP, 0.4 mg/ml). higG and CRP were heat-aggregated
at 63°C for 1 h and for 2 min, respectively, in some experiments. Neutrophils (3.6 x
10° cells) were incubated for 60 min at37°C, and O, release was measured. Values
are the mean + S.D. of three separate experiments, where each was performed in
triplicate.

P ERD O, BB KM

IgG I — b R 1gG/BAgh 2 — M RE _ETH FEk#% 37°C, 60 min 552 L /=. Protein kinase C fH
EHITH 2 H-7 KU staurosporine (Z4FHIRD O, EEZWITNORE ETHIL PRIV (T F R
F w7 FE) LAV ETERAICIEH U= (Table 9), ANVEY 2 ) U HEFHITH 2 W71 b RIS
WIMIE ADSEESD & 7= . Protein phosphatase BHEX| D &% 7= £ T 5, okadaic acid (31gG 2 —
MNRETOHHIRD O, FEEIZIZE A EREE T, gG/BEMI— M RETIFVWHEELZTRLE.
—75, calyculin A & 58\ O, EEAFHER R AR L, K2 IgG/BEEIR T — MRE CIIBEETH o=
cAMP 7 3= X N T % di-Bt-cAMP, tyrosine kinase fHE #| D genistein, {7 7 F L EE R FAE
3 % cytochalasin BIZ 58\ O, EEEMBFUFRADPR O 5NN, CNs50BED IgG/BEFHI— b
KATHBETH o7=. BEFFTH206.,14>77) > LFA-1 aifi%# BT % anti-CD11ald, IgG
O—MREKR P IgG/BEEMI— P REAE BRBEICH < O, BEEWHLE. 8,1 VF 7V 86
&R T 2 anti-CD18 L, IgG KE I — M TD O, FEAIMHIEMIL anti-CD11a & b T L AT,
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Fig.25. O; release by neutrophils in response to increasing
concentrations of synovial fluid for coatings of plastic (0) and IgG-
precoated (@) surfaces. Cells were incubated at 37°C for 60 min
on the surfaces. Each point represents the mean = S.D. of two
separate experiments, where each was performed in triplicate.
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Fig.26. O releases by neutrophils in response to different synovial
fluids from patients (n=22) with inflammatory joint disease. Neutrophils
on surfaces precoated with or without (plastic) IgG and subsequently
coated with synovial fluids were incubated at 37°C for 60 min. Each
point represents the mean + S.D. of three separate experiments, where
each was performed in triplicate. O; release levels on plastic and IgG-
coated surfaces are indicated.
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1gG/BREM T — M RE TR ARIEEAZR Lz, BHRERIC X 2FPROFILED O, FELE
ZWHILED, COBED [gG/BFMI — P RETHRIBOH L.

Table 9. Characterization of O, release by neutrophils on IgG- and IgG/synovial fluid (SF)-
coated surfaces

O, release (hmole/10° cells)

Experiment Treatment lgG-surface [Ratio]® IgG/SF-surface [Ratio
1 No addition 31.2 1.1 [1.00] 349 £0.4 [1.00]
H-7 (500 uM) 2.4 +0.1 [0.08] 1.9+£0.1 [0.05]

W-7 (500 uM) 29 +0.4 [0.09] 3304 [0.09]
Di-Bt-cAMP (1 mM) 7.6 0.1 [0.24] 43+0.1 [0.12]
Anti-CD11a (1:50 dilution)  17.0 £0.8 [0.54] 21.4+0.1 [0.61]
Anti-CD18 (1:50 dilution) 221 +£1.8 [0.71] 4101 [0.12]

2 No addition 26.6 +0.8 [1.00] 33.6 £0.9 [1.00]
Staurosporine (100 nM) 2.4+£04 [0.09] 25+03 [0.07]
Okadaic acid (1 M) 241 £2.1 [0.91] 204 £21 [0.61]
Calyculin A (1 M) 9.6 0.9 [0.36) 4401 [0.13]
Genistein (50 ug/mil) 11.2 +0.3 [0.42] 4100 [0.12]
Cytochalasin B (5 pyg/ml) 5.6 £0.2 [0.21] 29+0.2 [0.09]

3 No addition 215 0.9 [1.00] 241 £0.5 [1.00]
Pertussis toxin® (100 ng/ml) 11.2 +0.8 [0.52] 57+0.1 [0.24]

Neutrophils (3.6 x 10° cells) settled on surfaces precoated with lgG and subsequently coated
with or without SF were incubated under various conditions at37°C for 60 min, and O, release
was measured. Values are the mean + S.D. of three separate experiments, where each was
performed in triplicate. *Each value in square parenthesis expresses the relative ratio to the
positive control (no addition). ®’Cells were pretreated with pertussis toxin (100 ng/ml) at37°C
for 2 h. Negative control (plastic surface) values for Exp.-1 and -2, and Exp.3 were 3.0 0.1
nmole/10° cells, and 2.0 + 0.4 nmole/10° cells, respectively.

B R O B R

1gG I — b R U 1gG/BAE W — PR E L THAIKE 37°C, 60 min §52& L, HBSSIZ X 2 ¥ii##%,
BEFRREE Y Vb U, 1gG O— MR, gG/BEMw 0 — M RE, K CEfKOoATI— b
MR U= RE T OB IR E 75 X F v ZRE LB L =RERE Fg. 27107 Uk, Bk
BE7IRF v I RETHRHE <, BMUEFHRD 0% H#E Lk, 1gG 31— MREKR [gG/
B 7 — M RA COEBEMRBUIDLOR L, I RF v I RKECH L TENZh 88% K
7% Lixo7=. BEEMI — MUBERACREESIERHP L, 7S RXF v I RAD49% TH o).

IgG O — bRV IgG/BAEIMK I — b REAN D IF Ik DHEE % staurosporine (ZFHE Lo 2
(Table 10). H-7 |& IgG/B8EIM T — b RE THEEZ CPHET 2HAHBPRDO 5N =B, 1gGI—F
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REATEELZEDIRPoE. WIRWTNWORALTHFERL2ICHESEIEHE LE.
Calyculin A & 3 270 < #14] L 7= H° okadaic acid iZ 8% L2 o> 7=. Di-Bt-cAMP & T} cyto-
chalasin Bl U T IgG 0 — M RETOMHERIEE ICHE Lk o =08, 1gG/BIfimaT — MR
TORERZ WS ¥/, Genistein OFM, KUHHKHEIC L 27 PEROBILHE XV $h 0
KX L THBNEENFDIRER LD, Z0OFMIXIgG/BEHMI— M ERTO PMib ok, #
AT IURZ LB U7 K2R, anti-CD11a [35F A BRI 1 BB L 72 h2 o 72 9% anti-CDI18 (i < i L,
FRC IgG/BAEiM O — P RECHETH o 1.

— — N
o 13 o
L]

Adherent neutrophils (cells/mm2 x 107?)
©
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Fig.27. Determination of neutrophil adhesion to surfaces coated with or without
139G and synovial fluid (SF). Neutrophils (1.8 x 10° cells/mm?2) were added on
the surfaces and incubated at 37°C for 60 min. After gentle washing, adherent
cells were counted. Each column represents the mean = S.D. of three separate
experiments, where each was performed in triplicate.
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Table 10. Charactetization of neutrophil adhesion on IgG- and IgG/synovial fluid (SF)- coated surfaces

Number of adherent neutrophils (cells/mm?)

Experiment Treatment lgG-surface [Ratio]® IgG/SF-surface [Ratio]
1 No addition 1197 £83 [1.00] 1095 +239 [1.00]
H-7 (500 puM) 1165 360 [0.97] 657 +103  [0.60]

W-7 (500 uM) 209  [0.02] 87 [0.01]
Di-Bt-cAMP (1 mM) 1379 136 [1.15] 521 £130 [0.48]
Anti-CD11a (1:50 dilution) 1200 + 188 [1.00] 1005 +264 [0.92]
Anti-CD18 (1:50 dilution) 367 +43 [0.31] 43 + 37 [0.04]

2 No addition 1073 £177 [1.00] 883 £ 181 [1.00]
Staurosporine (100 nM) 1216 £240 [1.13] 802 + 82 [0.91]

Okadaic acid (1 uM) 1171 =122 [1.09] 799 £150 [0.90]
Calyculin A (1 uM) 126 +16 [0.12] 17 £23 [0.02]
Genistein (50 yg/ml) 928 +69 [0.86] 558 +57 [0.63]
Cytochalasin B (5 pg/ml) 1349 +203 [1.26] 428 + 23 [0.48]

3 No addition 1360 £47 [1.00] 1350 £199  [1.00]
Pertussis toxin® (100 ng/ml) 1151 121 [0.85] 847 +76 [0.63]

Neutrophils (1800 cells/mm?) added on surfaces precoated with IgG and subsequently coated

with or without SF were incubated under various conditions at37°C for 60 min. After gentle washing,
adherent cells were counted. Values are the mean + S.D. of three separate experiments, where
each was performed in triplicate. *Each value in square parenthesis expresses the relative ratio to
the control (no addition). "Cells were pretreated with pertussis toxin (100 ng/ml) at 37°C for 2 h.

Fyvo@rux b5 74— X 3EHWP D O, EEREME O S/

BAE & Sephacryl S-500 12 AT & D 48 L, 1gG L@ T 25 KD O, EEL{REEE O 510
ZiRATz. BIEIMRA @ O, FEEAR EWMEIZ Vo FHIRIC PP BN THEH N2, 280 nm OIRINIC £
29 RVEEE—VICETT RS TWETH 52 LHRE Nk (Fig. 28). O, EELEREFMD
RDONET TP ar50~70%T7—)V L, TOEMIDOVWTHELOBEOREERE L. &
D#53R, chondroitinase AC, hyaluronidase, N-glycanase J UF glycopeptidase A i O, FEE{RAETH M2
BEX 5 Z hro b, uypsin, actinase Sz (¥ O-glycanase |& 58 412 2 & ¥7= (Table 11). I > b
O—)VELTENZENOHERETIgGI— MREEA Fa2— b U, HFHIKkO O, EEEIIH L
TIRLALEBEEZ R o7,
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Flg.28. The elution profile following Sephacryl S-500 filtration chromatography
of synovial fluid (SF). Each fraction was tested for UV-absorption (280 nm) and
oxidative response of neutrophils. Cells on surfaces precoated with IgG and
subsequently coated with the column fractions were incubated at 37°C for 60
min, and O3 release was measured. The void volume (Vo) and the O; release
levels on IgG- and IgG/SF-coated surfaces are indicated.



Table 11. Effects of enzyme treatments of synovial fluid (SF) on oxidative response
of neutrophils

O, release (nmole/10° cells)

Experiment Enzyme +pooled fraction [Ratio]” -pooled fraction
17 No addition 228 £0.5 [1.43] 15.9 0.9
2° No addition 21.8+0.7 [1.37] 159 £0.8

Trypsin 122 £0.5 [0.83] 147 £0.8
Actinase 141 £1.0 [0.83] 17.0 £2.1
3¢ No addition 195 0.7 [1.23] 159 +0.8
Chondroitinase AC 247 £0.6 [1.33] 18.6 +0.4
Hyaluronidase 221 +£09 [1.26] 176 £0.5
N-Glycanase 21.2 £0.1 [1.28] 16.6 £0.3
O-Glycanase 13.3 +0.4 [0.87] 15.3 +0.8
Glycopeptidase A 21504 [1.72] 125 05

Neutrophil activating pooled fraction of SF after filtration chromatography on Sephacryl
S-500 was treated with various enzymes, and then used for coatings of IgG-precoated
surfaces. Control experiments were carried out in the absence of the pooled fraction.
Neutrophils (3.6 x 10° cells) on the surface were incubated for 60 min at37°C, and O,
release was measured. Values are the mean + S.D. of three separate experiments,
where each was performed in triplicate. Negative control (plastic surface) value was 5.0
+ 0.3 nmole/10° cells. “Each value in square parenthesis expresses the relative ratio to
each control (without pooled fraction). Pooled fractions were incubated at 37°C for "0 h,
1 h and ?24 h in the presence or absence of enzymes.

E7ZNVBVRICK D RANLEIFHIRD O, EERUBEICRIETRE

eV UBRICK D TV — b ERIE LGS, g6 £ EBEHRIC L7V —-boa— MLE
Rice7vo rBEREZ LGS, R RGEI—-MLEZV - EI STV D VR TR
LB a D KD O, FEA: 8 L AWM ERE L. [gG2I— b9 2HIICE P VO VBT
TV —rELETZ L, HFPKRO O, EEICH LTS FE20Xx10°O 7))V D ##iE 0.1~2.0
mg/ml QEFHTEE L RN >0, HFRISXIO RU28X10° D7) D VBRI RET ZHH
ROLNI (Table 12), —F5, FHET7NVOVBE L7 L — b % 1gG, R\ CRAEE I — b
T2, AFFELETVOVEEM, 2.0x10°) DA O, EEZMEI Lz, UL Lad s BEKRENE
EHRONRP o). 7V —b2IgGO—-FTRRICE 7D VR (2.0 mg/ml) 2 HEIREIRE,
F< O, EEPMBlEN 208, FTFEKREHIZD SN A" o7. [gGa— M7V — b 2BFIHT
EHIZO-MUET IR e 7V VBEEHEIRERACY, e 7o VRIZ O, EEEIHIL
2. L LR SRERVSFEEGEH DR Sk, ok. [gGa— &, 7O VTR
BMUETLV— b ETOMHHKRD O, EEEIZ, #TRISX10° R 28x10° D 7B V(2.0
mg/ml) TIXEEINRPo1=D, BE0FRE7Z)NVO VEE M, 2.0x10°) iZ 0.1~2.0 mg/ml D& F T
WERENICIET 2ERNRE N,
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Table 12. Effect of hyaluronan (HA) treatment of bioligical surfaces on O, release by settled neutrophils

Surface treatment HA O, release

Experiment  Pre- 1st 2nd M,  Concentration (nmole/10°cells) [Ratio]”

1 IgG 18.9 +0.3 [1.00]

IgG + HA 2.8x10° 2.0 mg/ml 13.6 0.5 [0.72]

9.5x10° 2.0 mg/ml 13.8 +0.6 [0.73]

2.0x10° 2.0 mg/ml 15.4 +0.5 [0.81]

2 IgG 15.9 +0.8 [1.00]

HA IgG 2.8x10° 0.1 mg/ml 18.3 +0.4 [1.15]

0.5 mg/ml 19.7 £1.2 [1.24]

2.0 mg/ml 20.0 +0.1 [1.26]

9.5x10° 0.1 mg/ml 20.2 +0.3 [1.27]

0.5 mg/ml 21.1 £0.5 [1.33]

2.0 mg/ml 20.7 +1.0 [1.30]

2.0x10° 0.1 mg/mi 175 +0.9 [1.10]

0.5 mg/ml 17.1 205 [1.08]

2.0 mg/ml 16.0 £0.2 [1.01]

IgG HA 2.8x10° 2.0 mg/ml 16.5 +0.9 [1.04]

9.5x10° 2.0 mg/ml 16.8 +0.8 [1.06]

2.0x10° 0.1 mg/ml 13.6 +0.5 [0.86]

0.5 mg/mi 13.4 +0.9 [0.84]

2.0 mg/ml 1.2 +0.4 [0.70]

“lgG SF : 39.3 +0.8 [1.00]

HA lgG SF 2.8x10° 0.1 mg/ml 40.2 £+0.9 [1.02]

0.5 mg/ml 369 +1.8 [0.94]

2.0 mg/mli 38.1 +0.9 [0.97]

9.5x10° 0.1 mg/ml 39.4 +0.1 [1.00]

0.5 mg/mi 37.8 0.6 [0.96]

2.0 mg/ml 36.8 +0.5 [0.94]

2.0x10° 0.1 mg/ml 26.2 £1.1 [0.67]

0.5 mg/ml 25.6 +1.3 [0.65]

2.0 mg/ml 272 +0.4 [0.69]

IgG SF+HA 2.8x10° 0.1 mg/ml 27.8 £+0.9 [0.71]

0.5 mg/ml 25.5 0.5 [0.65]

2.0 mg/ml 26.6 +1.2 [0.68]

9.5x10° 0.1 mg/ml 26.3 +1.8 [0.67]

0.5 mg/ml 24.8 +0.1 [0.63]

2.0 mg/ml 25.9 +0.5 [0.66]

2.0x10° 0.1 mg/ml 275105 [0.70]

0.5 mg/ml 243 +1.4 [0.62]

2.0 mg/ml 26.4 +1.0 [0.67]

Neutrophils (3.6 x 10° cells) on the surfaces treated under various conditions were incubated at 37°C for
60 min, and O, release was measured. Plastic surfaces were pretreated at37°C for 1 h with HA of different
molecular weights (M, 2.8 x10° 9.5x10°, and 2.0 x10°) at0.1, 0.5, and 2.0 mg/ml. 1st treatment with igG
was carried out at4°C overnight and 2nd with synovial fluid (SF) was 37°C for 1 h in the presence or
absence of HA of different molecular weights atthe indicated concentrations. Values are the mean +S.D.
of three separate experiments, where each was performed in triplicate. *Each value in squareparenthesis
expresses the relative ratio to the appropriate control (without HA treatment). Negative control(plastic
surface) values for Exp.1 and Exp.2 were 10.3 + 0.7 nmole/10°cells and 5.0 + 0.3 nmole/10° cells,
respectively.
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HFHROFEFICH LT, 258 20x10°0 7)vn VEE (2.0 mg/ml) 2 AWV THREF L=, IFH
BROEERL, 7L — b0 7)o UBEIC X AEIIEIC X W N 2ERBED Sz, 201
DOUIRCIEZ e R 2T b > /= (Table 13).

Table 13. Effect of hyaluronan (HA) treatment of bioligical
surfaces on neutrophil adhesion

Surface treatment Number of adherent neutrophils
Pre- 1st 2nd (cells/mm®)  [Ratio]”

oG 1197 +83 [1.00]

IgG + HA 1231 £42 [1.03]

IaG HA 1124 £102  [0.94]

HA gG 1502 +129  [1.25]
lgG SF 1095 +239  [1.00]

G SF+HA 1046 £+ 164  [0.96]

HA IgG SF 1203 + 49 {1.10]

Neutrophils (1800 cellsf/mm?) added on the surfaces treated under
various conditions were incubated at37°C for 60 min. After gentle
washing, adherent cells was counted. Plastic surface was pretreated
with 2.0 mg/ml HA (M, 2.0 x10°) at37°C for 1 h. 1st treatment with
lgG was carried out at 4°C overnight and 2nd with synovial fluid (SF)
was 37°C for 1 hin the presence or absence of 2.0 mg/ml HA (M,
2.0x10°). Values are the mean = S.D. of three separate experiments,
where each was performed in triplicate. *Each value in square
parenthesis expresses the relative ratio to the appropriate control
(without HA treatment).

= 5

B P BR B2 75 2 T OO RIS & 2 ALEEDS, SFAERD O, BEEH BN I TR B AR Lz, 1gG a—
ML AW TE 52O — MUET 3 2, 196G 32— b EHICHE L THEHRRD O, PEAMERE
Nz (Table8). 7T 2 F v 7 RE ZFAHHCTUIELTH, [gG I — M RAZBEETHTUHET L &
WX DEMUAERICHYT 2 O, EEIIRD SN oz, E/k1gG/BEK T — b &R L OEEH
B, 1gG a— P R L B LT DRNWT LA RENT= (Fig. 27). > CEIEim O O, AL
HERERIX, FORMEMICKES LZI1gC LHEMTHH, FHIRD O, EEMEIER I I L
EREEIOND.

57



BIEIM P I I KO EM R EE 2RI T 2N TFOFEIRESh TV 3 116121, ZORTF
WA 2 B FRER OIS E MEIT B BE 198G L FIBLT 2 2 & (116, 118], BAEIM A &b (11600xg, 2~5
min) U7z L35 CIERIEEEDMET LT3 & (118, 120], & 512 BIEH O RIEEME I protein A-
TI742TA—=o0V o774 =X DIFITRRCRETEL I LMTLR0DBFRENTN S, >
THERT O HERFHE T, 2701 XOKRE R, MO Ige HAKR U AAL 166G BEY
THDHefmMINTND., EEFHKOFEYRRRELEEZRET 2MEHOBNMREG S, V) 1—
CFHNFTHILIEY 2 2 LTk D RBIEMHEEE ITHAT 2 ZeHRENTVWS [116]. ThHD
b, [GO— PREEBAFRICI D ISHICIBTZZLICE D, AW -BEEWAICHELET 2
WHEMED S 2 RIEEGERDPREICHE L, FHKOO, BEERRET I LAEIONS. L L
DS BV 7= B IZE 0 (11000 X g, 20 min) 12 & bk FHED G EAERIBRINTED, /-
Affi-Gel protein A TRIENWZ WL HE LT H KEF D 1gG H @M O, PEE(RAEIT I RIFE N> (Table
8). ¥5HICIgGO— b K& RF-serum FAE T X ZIEIEFAET, #BREC M gG T RUE LT D
O, EAMBMRIIDITITH o=, THIXEULEL M gGEAWTHRKTH o=, fito T, B
WHICFETE S % 1gG @M O, ERREMHEIAZE /O T U F L 7O DTRARVEHEINS.
BHERIEE ) 2 — 7 S ZTRAE BIR B OBIMIATPIC I CRD MEFET 5 2 LA REN T B
[135). 3 7 BAEAHARAD CRP Y & Hik S NC\\ 3 [136]. CRP IZBBE € - 554, CRP HHTIZ
ERZTRE WD, MRE G I X 2 PIROMIIAEEMREL 2188 T 2 2 LAMEIN T
%[137,138]. £ 2T IgG I — b R [H % FREA R U HED 72 8 O ELLEE CRP I & D ZRALFE L /=73,
WINOBEHIHFIRD S D O, BEBIRES N AR D o=, > T IgG/BfiMI— M RELTORF
KD O, PEAEIC CRPHEIG T 2 AR SR E X BN 5.

[gGI—bREZHMHRTET SICO—-MT22LICLD, ZIAEE LEUPIRD O, FEE I
MEND LV |EFNIRN. UL URD SR E = I3BA 2D 3, BN O S b DkaH
[gGREGRE LICHA LERREEZOND. 2 ORAOWEKNFMETR 2=, 4% B 4
D 1gG @it O, PEEREVE O 7 F B0 % Sephacryl S-500 h S L %x AN THE L=, 2 O8EE,
BB D O, PEA (RN ML Vo SIS D LBN C RIS N, EHEMNIRERASFY A ek
DI DDA o7 (Fig. 28). —MMICERATFIIPEL Y V37 HOBEAKRTH 2HEHE VDT,
N7 LPSEHESNIEERSE TV U, BEABRERRV 7077 — BT 282N & R
L7%z. ZO#ER, trypsin KW actinase IZ & H O, EEA(RHETFVEN kb i (Table 11). #E> THEMER
TORBERE LTH U R VBOELEDVRINE. BEMMBEETE, AVWEBEOHT
O-glycanase DADKIGEXE., TS DT & kb 1gG Bk O, PELEREMEIX, ¥V /3 BERK
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O serine ¥ 7= threonine {Z galactose( 8 1—>3)N-acetylgalactosamine #3:H5 0-27) 23 MES L=
LT o TURESE % 18 D glycoconjugates TH 5 2 & BRI N/=. O, FEAERHENE OEEILERE L
LT, IgCH B 20 L TRA L, AMEBAY Y KO BERAEEH I V20, FEIIMICIg6 &
SUNRVEBAOMEMFHCIDREEL, IMBAEHEEBHIR2H0PEILND. WTho B
ATOHEERDTOREHE S I EBAPEELTVWE I E PERRRICHEATH 2L EZ 5
ns.

[gG O — bR & [gG/BEHIM T — b RE T DI FERD O, EEHIT staurosporine KU H-7 12 & i
FNZPHEI X /= (Table 9). LA LARDS BH_EAOESEHKEIIZLE 2 h > 7= (Table 10).
o TRMBEBBR DU PERD O, PE A FFERIZII protein kinase CHEIE T 2 L BRI NE. ALE
Va) YEHHITH D W-T BT O BEEERIFEI L=HS, Thid W-7 RIS & b iFEROEE D
FFERICIHENE L LBEETZHDLEZ 5N 5. Phosphatase [ EH D EE 2iRaf L= &
Z %, okadaic acid |& IgG I3 — MR & [gG/BEfi I — P ROV T Iz LT dEEMEEICR
B LMoz, — 75 calyculin A IZIFBENHEEBFNHEEA PR OO, ThHDHRRIXO, EER
CAHBE LTV /=, Caluculin A & okadaic acid |& phosphatase type-2A 12 %F § % BHE A7 (X [FFRE /= 5,
phosphatase type-1 {2} L T3 okadaic acid DFHEMEMILFF <, calyculin A iZ & b 1R AEEMAZ
Y1391, > THFHEROBEEIC A LT phosphatase type-1 HEEREEE LTV LEZ N 3.
¥ Jz calyculin A{Z KX 2 IS EE MANIX G/ Mo — P RETHMAESN B3I &b,
phosphatase DB 5 OREE H XM I— P DBV L>TERDZH DL H X 5N % . Okadaic acid &
IgG/BIEIR T — DRI TOHFHIRD O, FEE % T < PAE L/=H5, NADPH oxidase OIFHEALIZ LB 72
¥ VI B TH B padT-phox & p67-phox, KU protein kinase C DHIIIE H> & FIFLEAN DIEFT 2 B 5>
I LT\ B ETREME & 8 5 [140].

et v 7EMMEAT M) v R Ta— IR ECOBEFHROEMRREEE
R U, FHIRRA LICRRINTWD B, A V77 ) U BEERBRE 2R T et h
TW3 [14L,142]. KAKRICBNWTH L, A>T V) Vi@V 7a=w b TH 2 BHHD HiK anti-
CDI8 I HERDHEEE RO, EEE 2 MFI L, Z D EAIIRHIC 1gG/BBEI M T — M RE CHETH >
7= (Table-9 T -10). — 75, LFA-1 (CD11a/CD18) o # Z38:% 3" % anti-CD11a iz M fEEE 24 <MW
flLapolzl e &b, BEIEHMPO IgG H@ M O, EL (REY HIX Mac-1 (CD11b/CD18) ¥ 7=
p150,95 (CD11c/CD18) D) A K TH B HHEMED /RK XN 5. Anti-CD11aldfF ERO BT X
FELRWDY, O LI UTIIMBWERZ R Uiz, M8 Lo LEA-1 28, BaEt & I MR
ARMALTDO, EEICHEEL TV PHHNRWN,
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MR BB AMED cAMP 7 T =X b€ % di-Bt-cAMP &, 72 F U EAMERTH 3 cyto-
chalasin B [93]1&, §fHBROBEER & O, FEERICH L TR UM#H%8) %7~ L/, Cytochalasin 1%, &F
HIROEERENOEE K E T2 LR {BEERACOMBOMEBY 20E L, O, BEZMH
T2 eHWMEIN TS [143-145]. cAMP & IR BERE O FEHE Bk & iF k05 £ L coMEM
WPHENTH % 2 & (143,146], F 7= cAMPIZEFHERD O, FEH: % protein kinase C DEMAIE L O F
HTHHIT 2 EPME N TN B [147]. ZHh 5 OHE &, cytochalasin B & OF di-Bt-cAMP HS IgG
I—MRETHFROBERICHE T2 R0, BEEZHETIHRELEIRLS BT 3. L
LS5 [gG/BEiR T — P RECRBEEFHRBER LI, ZNIE U0, BELEBOETHER
&SN Tz (Table-9 KX -10). BIFIHCI— b 22 &I & D, IFFEROEEE LIS WREREIC R -
YD eHEIND . FPKOENBREREEDMBEEEZ IWHIT 2 2 & B HRE SN TS tyrosine
kinase fH'# Al genistein D fEFARER &, cytochalasin B % di-Bt-cAMP & lLEBHPEL LT\, £-8
HIZ@HEE 72 F HBRICRE LW EREINTW S H148], ZOfE A genistein & L L
Tz,

125 22 B FEFH OREER &2 W T 1gG @i O, EEE(REEM 2 FR . AV 2B88Wic L b
ELHEEE RIS RVD O S, 1gG I — PREICHARTH 22D 0, EEREFERZRTIOE
THAZEDZD SN 7= (Fig. 26). B OWRE & OBI#EMEICEKRP R NS,

RERIC, FHRBEERB O 7V O VEBRUEDPF RO O, BEC RIZTHELRFLE. 20
fER, IgG R VB CREI— M T AHIZ 0.1~2.0 mgml DA FREOERZ 7N DO VE (M
2.0x10% 9.5x10° RV 2.8x10°) & HEZ ¥ 2 &, HHIRD O, FELE HIEI X N /= (Table 12). &7
o BRI ERE Z 1gG, 5\ CBEMTI— T 254, RUIgG a—rREHEL 7Oy
BRTRUAET 2BGICREB2FREE 70D VBB (M, 20x10°) OAMEWER 25 Ui, fFhikoE
BZICH LT, WSIhDOBEATHIAFR20X10°O 7)1 (2.0 mg/ml) IZ 28 Lixh o7
(Table 13). TN6DZ & &b, LTe7ivn ViR 1gG, KUBIENIE D D IgG HLEMEF hERIEMAL
PHOWE LG T 2AREMDH 2. COERAICH LT, BELEGETCXE 7 L0 VB TR
FBIRWEEZOND. B2OWEEML LT, FHREERTE LICEtEh=e 7 ro 0@y
gk btoe 7 vovBLE Ty —LORBIC LD, BEMICEHRD O, EELIHENZZ L
PEIOND. ET7VOVRLET I —EHIEERLESELTNS 2 eBREIN TN % [57-59].
WoT, BERAFTHALT7 VO VBBPEROL 275 —LEETHI 814, 077 F
74T A MBI TR —REBEEHT 2 L BRI N S (Schema 1T BHR). Z D & 5 RIRAEIX
TOFUOHBEICEEEEX, FHRROO, BEERNMHTIZLHIEZIONG. ZOBE, 154
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FOoe7)Vvarvigh, H35—EEU o7 VvaVBL e 7Y —LRATILELD D LIRETH
3, BATFREETNVO UEEWM 20x10°) DA O, EELEEZMFIL I L 2FATEZHDLEZI LN
. KR TReT7 )V VEBER L — MPREKEELEIN TS ZEERE L THRW. AW
HEK EICEZ VO VBL T —HEETHIEHHA L TVWRND, 7 VO VBRL €75 —0
V& DTH % CDA4 [12,3] At FRMIMEFHIKICHELE §2 I EH|MESN TNV S [149]. & 7= B
RiZiZe 7 vo v BAESENDD, TORERE 7Lo U BOBEESIZ OV TIIBR#ETRL. LML
RS, RAEMBIEIEIC BWCBEINICEA L ERAFREOE 7))V D VR, BIEMEICEE L 7=
RO EL T 2EMBRIC L 2MBEEA2BH T2 LI h 5.

Schema 1. Interaction of surface-coated HA with neutrophil

neutrophil

HA receptor
(CD447?)

o, Oz 0;

e [\ actin
unkown ligand

// plastic p%
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s A

BIE O T BRSOV L DTH D 7D VBN, BEAEICELE L EEBRRICS 2 5%
W2 DWTin vitro EF )V R %E AWTERET L.

RIFL TORY TS D EBICEE LT\ S. 72 TCERM BB E Bk OEEMi &
W, =4 3% 4 FEAHABMEATH 27 7 F R UBOMIEE) VIEE» S 0lMIc T2 7
VO VBROEEERMLE. e VO VB A7 I F RUBEER Lz r 0TS Uk
RIBC & 2 [“C17 5 F R UBlEM%E, KIS 1h UETHRILE. ComfmRze 7 vo S BE
BERUAFRIKE LTV, L LADS 7L O VBOMEERITRICHEICOARERT 2 b
OTRRD o=, VD VBGEEMRLCH Y 7 V¥ = ORAICREE Y, EEElc
LB[CI7 S F RUBM D AACHEE LR o/, E7 VO VBIZX S [YCI7 T F K Vi
HliX, BRI A A23187 TRIBLBACHRD SNz, 2hbhDZ &b, e 7)vo U BRIEH
R BT 2R 2B ) S—UiEHICRE R L 2 2alieEdm Nz, Ml ni=7>F
K BRI BAMENIC 288 U =G LA BR R SIS JAE N, REM T OIS TS 0D B
N3. > TEAFROL 7D L BIZBHFERIC BV THAEER2ET 2804521505,

RAEVEBIEE DR T H 2EE ML, WAWICIXRZE U FHRICERT 5. 22 CT7 v ME
Besr IR & 2 o Y BhRIREARIIH T 2 7vn VR OB &G L7z, FMLP/cytochalasin-
B, opsonized zymosan, TPA ¥ 713 A23187 CHHEMHE L PKEZ KB L L HIT 18 h TTHREL
= WG I NI ERIC X 2 ESRIT E 7D U RRIC & D BER A FRKERICIHE X h .
Opsonized zymosan % FiW /=134, KO FEL 7D U (M, 2.8x10°) X EAHEIHE T, H
ATRETNVOVEM20x10°) FRESBREN 2 ES B 2FHKLEZTRLEZ. FTOARIE
aEkicn LCide 7o VBIIIHEER 2R S otz B 7V D L ERO KM DRGSR
WHBTHDIEEZIOND. 7 )VO VROWEHEIH/RF — I, opsonized zymosan, TPA &
WA23187 ZRIEHI & UTHWRES, HILIZESIL TWiz. FMLP/cytochalasin B 2 FW 2155,
7o VBRI ESFEE DR S 18 IIRIL =, 7D VERRIZEFHFIRAND FMLP DFEAIC
EEET, 2T FMLP THE L2 HRICN U CHREMRIEERAEZRLE. Thbnl ke
Lhe7iorBOMEERCIE, BECEREYT 26DICMZ, MEMAOHIICN T 2 BN R
R HZIOLHERINS. EFFEOL 7V O VR, BN 2 U FrhEKIC & 2G5
RIS LTRENTH D LEILND.
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M REEHIE T X BB~ DL HIRDEE D RO 5N 5. 2 2 CHFSMATE 7LD URRIC K
LUFHIROEE REMED, BHEFHIKD O, EEICKIT TREICOWTHET L. BIFmPIcX
RECTI—bIN1gG /B LT, RO O, BEEZBRET IVEDPEAET 22 L2RAVWEL
2. SO0, EEREVEIIESTTH Y, bF > BPEH% D glycoconjugates T % LHEE I h
7z, IgG RUBAEIRH CREI— M T 3ICe 7o v Be2LESE 2 &, i hERO O, EELEHMA
ENjz. KEZ L7 NVD CBRABLIEEER, 1gG R UM I — LEBE, RV IgGa— bMEHZ
E7NO VERTHRLE L EBEICEESTFEE 7D VBB (M 2.0X10°) O&ADS O, FEELZMHI L.

)

]

E7Na VR (M, 2.0X10°) AL K 2 FHIROBEEMEIZRD Shkhork. chbnZ e kb,
7 U 1gG K BRI A D [gG K@ O, EELREME ORELE ZIHT 25, H20
FERMI—bENZe 70 CBRHPERNICHE RO O, EEL 2 M T 2 RetEMN "SI h iz, &
A FEOLTIVO R, BIRFHRRICEE Ui PIROEL T 2 EHMERIC X 2 MBEE 2 ®H T
2HDLEZILND.

LEDOHRED, HEDHERIZ L 2 5MHBIEECH L TELFFREE 7DV ERISHMERE
BIEEMZRDODLEEZIOND. BVWHZZ L, BATRETZ VO VBRI EKE RO TIANEA & fiL
BOT 2D TE AN, RAEMRIEHE CBIEHRP O L 7V D VR EEET DS
FAZETIEBHOENTNWS. —75, RIEICE 7D BEALCBEMR P ~ERE X 0 2 RAEWEY 1 b
A, BEMRO L VD U BAEMERET 2 LBHLNTNDS. Ch S DBRZIIRED B
TEBRDOVEDTH D, HARDEEMEHHEAO—RTH D LMRIND. iz, RECLHEN
KEAD LRSI FRETZIVD VBRENBL DS S LIc kb, BERIGIC & 2 B SHSREE 2
TERAREMENEZEZ 5N B,
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AMERTIICHED, RGHBRERHEEE SHEELZE D F LERIURERAE LEHRER
RSO SREHE L ETE T, £zt MEEEE2ZHEHELS T2V E UL RaRikallk R RalE
BHECESBHBUE Y. KRS L, BLAERRHEE LB D £ LUtk 2 i oeE i
ARFERELICR S BEB L E 5. AFIRREHE BRRZHH KRR E, RO~ )VigkAatt b
RIFFKFDE K D2 DWEHEDO S L THONE L. BROGLICOPSBRABLET.
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