Mechanisms of Articular Cartilage Destruction in
an Antigen-Induced Arthritis Model Induced by
Cationic Amidated Bovine Serum Albumin
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Fig.1. Isoelectric focusing of BSA and aBSA on a
gel with pH range from 35 to 9.5. The pl of
aBSA is appoximately 9.5, whereas that of native
BSA is 4.5.

maleimide ; NH,-Ph-Hg-Ac, p-aminophenylmercuric acetate; Pep. A, pepstatin A ; PMSF,
phenylmethane sulfonyl fluoride ; pl, isoelectric point ; SDS, sodium dodecy! sulfate ; TIMP,

tissue inhibitor of metalloproteinase.
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Fig.2. Knee joint of a guinea-pig 3 days after
intra-articular injection of aBSA. Marked
inflammation of the synovium and exudative
materials in the joint cavity are seen. F, femur;
T, tibia. H. E. stain. x30.

Table 1. Immuno-status at various times pre-antigen challenge (0 day) and after the challenge

(3 days, 1, 2, 4, 8, 12, 20 weeks).

0dn=17) 3d@®=3) 1wn=4)

2w(n=3)

dwn=2) 8wnh=3) 12wn=3) 20wn=3)

mean £SD* 1.68+0.27 1.92+0.06 1.92+£0.06 1.84%+0.12 1.98+0.02 1.74=0.18 1.55%0.04 1.24%0.20

* The mean+SD is expressed as absorbance values at 405 nm at 2!?> serum dilution.
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Fig.3. Knee joint of a guinea-pig 1 week after the antigen injection, showing marked
destruction of articular cartilage of both femur (F) and tibia (T). Joint cavity is
filled with exudative materials. M, meniscus. H. E. stain. X37.

Fig. 4. Articular cartilage of femur from an animal 1 week after the injection. The
cartilage is infiltrated by many neutrophils from both joint cavity and bone marrow.
Note degradation of extracellular matrix of cartilage and degeneration and
necrosis of chondrocytes (arrows). H. E. stain. X330.
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Fig.5. Electron micrograph of articular cartilage from a guinea-pig 1week after the
injection. Neutrophils infiltrated in joint cavity contain many phagocytic vacuoles
(arrows) and collagen fibers of articular cartilage are loosely arranged. Uranyl acetate
and lead citrate stain. X4,600.

Fig. 6a, b. Electron micrographs of the extracellular matrix of articular cartilage stained
with ruthenium red. a) Normal cartilage shows collagen fibers embedded in abundant
ruthenium red-positive particles and filaments. X26,000. b) Cartilage from an arthritic
animal 1week after the antigen challenge, showing disappearance of ruthenium red-
positive networks. X12,500.
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Fig. 7. Electron micrograph of articular cartilage from an arthritic animal 1 week after the

injection, showing giant collagen fibers around a chondrocyte. Uranyl acetate and lead

citrate stain. x19,800.
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Fig.8a, b. Knee joint of an arthritic animal 4 weeks after the challenge, showing fibrous
ankylosis of femoro-tibial joint (a). F, femur; T, tibia. H. E. stain. x30. b) High
power view of the area enclosed by a black rectangle in Fig. 8a. Note cartilagenous
metaplasia around bone trabeculae. H. E. stain. X140.
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Fig.9. Knee joint of an arthritic animal 16 weeks
after the antigen injection. Complete cartila-
genous ankylosis of femoro-patellar and femoro-
tibial joints is seen. F, femur; P, patella; T,
tibia. H. E. stain. x14.

Fig.10a-d. Localization of antigen (**1.-aBSA) and antibody (IgG) in articular cartilage of

arthritic animals. a) Autoradiograph of articular cartilage from an arthritic animal 1 day
after intra-articular injection of #I-aBSA. Note the labeling throughout whole zones of
articular cartilage, especially around chondrocytes in the deep zone. Toluidine blue
stain. X250. b) Autoradiograph of degrading articular cartilage 1week after the
challege. Labeling is decreased, but still present in the cartilage. Toluidine blue
stain. X660. c¢) d) Immunohistochemical localization of IgG in articular cartilage from
arthritic animals 3days (c) and 1week (d) after the challenge. Bright immuno-
fluorescence was seen in the superficial zone (c) and the deep zone (d). X 160.
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Fig.11. [*H] Cm-Tf-degrading activity of synovium (a) and articular cartilage (b).
Supernatant fluid (10 xl) of homogenates from synovium and cartilage was
incubated with an equal volume of [*H] Cm-Tf (30 ug) for 1h at 37°C. One unit of
Cm-Tf-degrading activity was defined as the production of 1 ug Cm-Tf fragments
soluble in 3.3% (W/V) trichloroacetic acid in 1 min at 37°C. C, control; -, mean

value.




R

aBSA FHEBAI R IC B 17 2 BERSREAE 107

FRREOCTRTH 3, BIIEBERRETESEEL,
ZORFHPEBERERECENEFET S L0
S5NTHEDTY, KEBEOMBILELBHREDZD
HFOERIZEZ2Dm b L,
BEEEEOMIEM~ bV v 2 RFFEL LT e T A
SN A AT = ViR SER AN S, BRI
Vo= FRIR UL 2EL ORERBCE VLTI,
FF U TAF TV A CDORENBIN, ROTIF—
7 ARMED SRR & 0 BEEEE OBIEETT 5
LREINTHEY, XEBETVLIIBLT Y, AEIA
FEREIC o7 - U BEOMKRICEILLE YO T S
DA OENRES N, HESRE 77t 7Y
% in vitro THETABELL TR A7F 7Y B
2 D% EOBEKBERODIE», EBEEEES
SEEBEFROR LY v SO T 4 F—EOD R S o
FA4Fr—ERRESN TS, Lerl, Foit sy
v OSEEE L L THESATITh A, BEEREOM
RSt o pH I RE B LT R EcH 2 2 £
HMANTWBEDT, AERIBLTEHE T 7 4
F=EMTATA Y B HRIIEREEL TS &
EZH5HT A,

AW BT, WBEGEH BT KT Y A~
PRI T AT 2 ) rRSRT B EERIEE Y BEER
BHRROFEL VR -8 L TEEZ R L2, [FH)
Cm-Tf 7 vt GEBENLPET 0T 4+ 7 — ¥
MERETET7 v THEH, FaFFs s %
DT IEBEEEEASERE TDH 5 matrix
metalloproteinase 3 1 ZDEFIZH L BAHLEESGR
ERHEZEHNHOENTLEY, BERENS VX
7z rEEEDOEEPpH 12 7.5—-8.5THD, 20D
JEMIE DIFP & PMSF CE L {EEX 3 L5 b
) FoFsr—¥YO—-BEELLN S,
EDTA THERDOHEERASND Z LoD, FDWENE
Rz Ca® B EDERBA AV BBERO» S Lk
V. REROMRERYENO F0F 1 F—¥ L DR
FICDWTIZEE & 0 T\ ans, HRIER SIS ~ DIF
FEREOE L VWK —B L CEEOBERS S h
ZIems, ABBIRIOTFA Y D VAREEERE T
BIFHERERO LI AY—E0H T 7> G Y
THLOEHESNRS,

Mg ECEAET 2 25— iR, IX, X, XI
Has—YrrnRBEERTn3, ZHs0 S bR

a) b)
10 10
— Synovium 0 Cartilage
3}‘:
>80} sof-
S
2
. 60}
© 60 S|« s| «
> Tl vl &
‘5'40_ £ &J 40t 2 o
©
e
20t — < 20f o s
wlo =1 =1 5
Lls|uw el w
fo I = o2

Fig.12. Inhibition studies of [*H] Cm-Tf-degrading activity of synovium (a) and cartilage
(b). Equal volumes (10 x1) of supernatant fluid from synovial or cartilagenous homo-
genates and inhibitors were mixed and incubated in 50 mM Tris-HCl, pH 7.5/0.15 N NaCl/
10mM CaCl,/0.05% Brij 35/0.02% NaN, at room temperature for 30 min. The residual
enzymic activity was then assayed against [*H] Cm-Tf at 37°C for 1 h. DIFP, diisopropyl
fluorophosphate (2mM); PMSF, phenylmethane sulfonyl fluoride (2mM); N-EM, N-
ethylmaleimide (1 mM) ; Pep. A, pepstatin A (1 mM).
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Fig.13. Gelatinolytic activity of synovium (a) and articular cartilage (b).

matrix metalloproteinase 3'¥ (stromelysin) D%
AL #I T #H % NH,-Ph-Hg-Ac ODFFEETF T ElE % 7=
L, RAUAHESBH CREETH- 7, 72, FOWENR
EDTA Ik »TOAEEE NS Z oo EBEGHE
EASMBRTHL EmS s, ZOBREIELT S
CHTA ML= B BRD NN EL
TEE NI, FR51EHTH 200 kDa, 125kDa,
94 kDa D& SFD L Ok 76 kDa, 72 kDa OEEFIZ K
Blans, B TOBRIFPEREEY A—-FDZH
LIHEF-HT AL, BREAEFRERE T S~
CI3IERTTIRE TRIBED 3 KD/ > RiZikBiah s 2
E¥DS@BATORRBIFPERIRE 7 7 —C &
Zohd, —f, EBSFOEITF o SEE LS
MR Bk DS F =X e ZF D45 T
FEELL Ttz

b) Cartilage

l ®
4: O
®
61 o)
i ®
4 - f—
o}
- O 3
2r 5 o
@
= - - 0
o}
e & mlencrmiem ol
C 3d 1w 2w
Supernatant

fluid (10 x1) from synovial (a) cartilagenous (b) homogenates was incubated with ['*C]
gelatin (150 xg) in 50 mM Tris-HCl, pH 7.5/0.15M NaCl/10 mM CaCl,/0.05% Brij 35/0.
02% NaN, with (@) or without (©) 1 mM NH,-Ph-Hg-Ac (200 gl total volume) for 17 h at
37°C. One unit of gelatinolytic activity digested 1 ug of gelatin/min at 37°C.
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Fig. 14a, b. SDS-gelatin substrate gel electro-
phoresis. Supernatant fluid of homogenates from
synovium (a) and cartilage (b) were electro-
phoresed under the unreduced conditions on 109
SDS-polyacrylamide gel containing gelatin (0.5
mg/ml) at 4°C.  The gel was washed with 50 mM
Tris-HCI, pH 7.5/1 4M ZnCl,/10 mM CaCl,/2.5%
Triton X and incubated with 50 mM Tris-HCI,
pH 7.5/1 uM ZnCl,/10 mM CaCl,/19% Triton X /0.
02% NaN, at 37°C for 18 h.  Protein markers are
immunoglobulin (150 kDa), transferrin (77 kDa),
bovine serum albumin (68 kDa), ovalbumin (43
kDa) and carbonic anhydrase (29 kDa).
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Abstract

In order to better understand mechanisms of joint destruction in rheumatoid arthritis, antigen-
induced arthritis in guinea-pigs was developed and the mechanisms of articular cartilage
destruction in this model were examined morphologically and biochemically. Arthritic animals
were prepared by injecting charge-modified cationic amidated bovine serum albumin (pl=9.5)
(aBSA, 0.5mg) into knee joints of guinea-pigs immunized with aBSA. Marked synovitis with
polymorphonuclear leukocyte infiltration started within 1 day after challenge. Neutrophils
migrated from synovium and subchondral bone marrow infiltrated into articular cartilage and the
cartilage was completely destroyed by 2 weeks. During the destruction of articular cartilage,
proteoglycans were initially depleted and then collagen fibers disappeared. Granulation tissue
derived from inflamed synovium and bone marrow replaced the destroyed cartilage and joint
space, and it was turned to fibrous scarring tissue (fibrous ankylosis) by 8 weeks. Finally, the
knee joint developed cartilagenous ankylosis within 12-20 weeks. Autoradiography using '2°1-
aBSA and immunolocalization study of IgG demonstrated that the antigen is trapped in whole
zones of articular cartilage by electrostatic binding and serves as planted antigen for the
attachment of antibodies. [®H] carboxymethylated transferrin-degrading activity was detected in
homogenates of arthritic synovium and cartilage from knee joints 1 and 2 weeks after the
challenge. Inhibition study and pH curve indicated that the proteinase is a neutral serine
proteinase and considered to be neutrophil elastase and/or cathepsin G, both of which can
degrade proteoglycans. A measurable amount of gelatinolytic activity was also detected in the
same samples, although they contained no collagenase activity. The enzyme was activated with
4-aminophenylmercuric acetate and inhibited with EDTA, indicating a neutral metalloproteinase.
The data of SDS-gelatin substrate gel showed that the metalloproteinase is neutrophil gelatinase.
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The results of this present study indicate that neutral proteinases derived from polymorphonuclear
leukocytes are responsible for the destruction of articular cartilage by degrading proteoglycans and
collagens, and suggest the possibility that in rheumatoid arthritis neutrophils infiltrated into
synovial fluid may play an important role in the destruction of articular cartilage.



