Collagenase in Rheumatoid Synovial Tissue A
Study of Its Immunolocalization and Degradation

of Collagen Fibrils
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Fig.1. Immunoprecipitation from [ *H]
leucine-labeled culture medium from rheumat-
oid synovial cells with sheep anti-collagenase
antiserum. The precursor form of collagenase
(Molecular weight, Mr=53,000) immun-
oprecipitated from the culture medium using
anti-collagenase antiserum and protein A-Sep-
harose CL-4B. The sample was run on 10%
SDS/PAGE and fluorographed. The Mr of
standard proteins are indicated to the left of
the fluorograph.
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Fig. 2. Western blotting. Partially purified
active collagenase (lane 1) and concentrated
culture medium from rheumatoid synovial
cells (lane 2) were electrophoresed on 10%
SDS (reducing) gel (A). Another set of sampl-
es were electrophoresed and transferred to
nitrocellulose, and collagenase was visualized
using anticollagenase 1gG F(ab’);and a
biotinated anti-sheep IgG antibody followed
by an ABC method (B). The Mr of standard
proteins are indicated to the left of the gel.
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1 M monesin for 3h showing hyperplastic synovial lining cells and
lymph-mononuclear cell infiltration in the sublining cell layer. Most
of lining cells are vacuolated by the effects of monensin. H:E stain.

X 310.
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Fig. 4. Immunolocalization of collagenase in rheumatoid synovial
tissue. The tissue was treated with 14 M monensin for 3h and
frozen sections were stained by a FITC-immunofluorescent method
with anti-collagenase IgG F(ab’).. Note positive immunofluorescence
in hyperplastic synovial lining cells. X 280.
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Fig. 6. Rheumatoid synovial
Synovial lining cells show stratiform arrangement and mitosis
(inset). Note the dispersed collagen fiber bundles just beneath the
synovial lining cells H+E stain. X75. Inset; H-E stain. x400.
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Fig.8. Electron micrograph of rheumatoid synovial implant 2 weeks after implantation,
showing a synovioblast (B-cell) with specific secretory granules (arrow heads) and
extracellular degradation of collagen fibrils (arrows). Uranyl acetate and lead citrate
stain. X 9,600.
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Uranyl acetate and lead citrate stain.
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Fig. 10. Poftion of a fibroblast in sublining cell layer of rheumatoid synovial implant 2

weeks after implantation. The cytoplasm is occupied by many vacuoles containing
collagen fibrils. Inset shows various degradation patterns of collagen fibers in the
vacuoles. Uranyl acetate and lead citrate stain. X13,200.
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Fig.11. Immunolocalization of collagenase in
rheumatoid synovial implant 2 weeks after
implantation. Note that synovial lining cells
have  positive FITC-immunofluorescence
(arrows). x190.

Fig. 12. Immunolocalization of MMP-3 in rhe-
umatoid synovial implant 2 weeks after
implantation. MMP-3 is localized in synovial
lining cells by ABC method. x140.
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Fig. 13. Collagenase activity in culture media
from rheumatoid synovial tissue (0 week) and
rheumatoid synovial implants in nude mice 1
to 4 weeks after implantation. A portion of
culture medium (20x 1) was assayed using
“C.collagen in the presence of 1.5 mM 4-ami-
nophenylmercuric acetate for 3-12 h at 37°C.
Each bar represents mean+SD.




255 F— LT~ AR 907

pFAERERTLRYL. JRETERRO I T =7
oA REEATOIZ Y S -t L b
%t@ﬂﬁﬁi%ﬂi—fvﬁmwﬁﬁ.®20@7
av ANTEET 5 & Woessner® % Harris & Kra-
ik o THEMEATHE . ZhsDd b, Mllght
95— F VMO SITEL Tid, I RERT
AmiED B CEIE T VT L REAERTT T L
CEERRATVLE. ZhOOWETH, 27 -7 ViR
ﬁu%ﬁﬁ%ﬁ%ﬂﬁf%%ﬁ%ﬁ%%f%ﬁm«t
AETHEERTVE. LhL, 20&5%37=7
SO ARERICEL TR rESE T —F LEHE
nTwE. —7, Fell ¥ 375 wELHEHE®
L. 29— VRO NRE a5y S —EEE L OB
FBzowTHID TR L2, HEDWETIFT —
2 RK IR T MR E N B XV D D & THRE
BHEOELIZ DO TR HFABRES A TR, FEER
BT, 2775 —EEEEECAHWT S RAW
EEBHETLI LWL, 3T -7 URIECNT 53
S5 F—COVERAEBEL:. FORKR, BE1~2
BEOBREBMEE T 5 — 4 VRHED RARVIREL
PEH SN, 0L R, BIRREARET
DEBHEBETEO I —7 VE#IcA S h, HRFER
was—4 VREROBE R TR B, B
EREREICE 2277 F— YOI EER IBEET
Boi, HEFUEERIC & D BEEEICB LT REM
a5y F—Ya s SWHIETH B Z L AHESD
s, TheD7—F BEROBRBVRO I —7
VDS T 57 F— Y OERIC L 2R TH 5 TTHE
HEEORBL TV,

RA BEBEE 27— 7 ViRiEoMBRATDO
BYITLT, AN T - ViR b DR
fAoHELTD stz MlaNT 7 -5 VR, &
BB X ORI, SRR 5 L RO LT
FFEO> R THLOWMENABND. I DR
ETI}, 3T BT 07 YWY FE
TARGHIELS B 2\ LS O ER N ICEHE
ERTW2, vru7y—Yidas—rrRERLA
WIS, wra 7y —YRENDI T ViR
RERWC L2797 -7 U0 NEREEZEZSNT
Wa . —F, BRHEMENOE NG T T -7 VERHED
BROAM Y WA ERS Y L, BRICER I T~
FrOMBAELE VIR BHZL TS, Ly
L, BEOF, 27— U EORREIRTIER
BXEWTH 20, ARBRICB LT H, #iRA =
=7 UM, OERATO 27 =5 ERMED SR
B —B L CHEY 2 2 L (OB RA BBESI

RGN RE L, RS TEREL 27— vy BRERAT
bz EB)ZEEAD 35— AR ENO T
Bl e R N DR CE S SRR A LN D

CrANSMESEIRIZ I3 7 - VIR R ARELIREL &
NTW2Z 9o BRI X2 27— 7 VIR
DEBELEESNLS.

s o a 3 — 7 ViRHESREEFHRICER SIS
B, B s A OESESEZS I L EL
Zzronb. Lal, KFROBRFOHRETE, fo
WE LR, RN -7 URERE T IR
N B D R W R e SR L 2D B 2 ENT
xuhol. MEFMRSEET NE 3T -7 iR
LM T HEFRTHTHSH, 257 LR
OFOF XY B OSEIC LB REREMEDEL
WEROB| Z &I HAREMNE 2L 52 FAERIZE
VLT, BRI S MbE b MMP-3 I Ve
FAIN N HERENHB I LS, ABEOEM
LB TOFA 7Y A DBESFOHERIIMEET S
rRans.

RA BIEMEAIC BV Tix, /8> X A —HETERE SR
oA Yy 7R3 FY F - LOREVPRE
KNTEDO XA CREOR
aEABEsR TV, ZhoofR LD, /X
2 —EBEREBICB VTR S — 7 VRO SR - B
WRFbhTwad eEUshTws. LaL, RAW
B O ThomB EESAY, ITNETLO
IoanBEbasnwn. ZOZEE, BE537
5§ — % MMP-3 % ¥ OB R EHE~ L TAEE
LoTHbhEhazh L iEENS. KB RA BF
ORI B EOBERD 5 F—CEESRE S
N3 ZE™M3 EROESE L S—FTE. Zhicxl
7, RA A X—Fo v 2 ICBET 2 LAl LD
T2 5— RO AERAESNDEDE, BELHLE
fEIZ L D EEEEMEOBES Kb, AREEE L -
REBEONUMSTARIC a b b L EEI NS . O
5 MO SR R BN - REMIE TR OHE
HIREARE & 7 2T 1 ~ 2 HBOME TAHALOND 2 L
BEDZEEERFLTVS.

#

RA BERUCEREBEEB-BI2375+—£0

MISHBLEWETE L, X — v ABHE RA BEHE

BioBU 2395 U EEOSEERFERETL, T
DIEREE.

1. oo rr—Efikid, 4275 0—-24, RE

Wik, A4/ 70y VEOEF -5 L0577 —

e



908

T

PIIBENTHY , BEHLEEREOMBR LAY
5 EmMmEnT.

2. aSFF—BIIHTRENE, ALY M
L7:RA WEEZORBMIGCER L TRHES L.
Lovl, EEEEESTIIT Y Y Y LERETYE
izt Th 7.

3. RA BEMHBER - N7 AETABET 5
L BEL~2EOMBTEBMRTEO2 I —7 >~
SN SR T 2O NBEENL. IHhaoD
BHEA T, BERBHRC L2257 -XOEE
DRI VoS- L 2 EEL T AT v
AL DI a . HoT IR SN —F
GO MR BIEEEEED 2 5 ¥ 7 - 2B E T
rrEz o0

4. B 1~ 280 RABERER CREXBEMRET
B RN 2 7 — 7 R b DRHESFIE O H
Ep@Esoon. Jho ORI 7 — 7 iRIHEZ
BA 5 » R A TO SRR A DN

HMEnF—213a55F—¥s RA BEREBHEE
ICE o THREPICIFE S A 2 L SRR IS R S
NaZreRTerdbiz, 375 F—¥EEDOLFL
AT BT 3 7 — 4 RS HERS L MRE R O
2DODT UL ATHEENE I LERBRL TV,

B &

WERzZAIchD, HigE, HKEEBY £L 7 BEY
R ERE L ABEARLET. 20, KpEEE, o
B REE 2 L BRI L AT RS,
HRIEE 2 L QUK E R AT ENTA S ER M R B 8%
EOEbBERELZT. 2512, FRoEKBEEBY 2L
P eRAEEEHE - REERE )RR, 25 Vi
BE, M EE - SRAEEFNEBAREREIRED
SRR VI E—REERERERO /TR ITL
oS LET.

X B

1) Hamerman, D.: Cartilage changes in the
rheumatoid joint. Clin. Orthop., 64, 91-97 (1969).
2) Okada, Y., Nagase, H. & Harris, E. D,
Jr.: A metalloproteinase from human rheumatoid
synovial fibroblasts that digests connective tissue
matrix components. Purification and characteriz-
ation. J. Biol. Chem., 261, 14245-14255 (1986).

3) Keiser, H., Greenwald, R. A,, Feinstein, G.
& Janoff, A.: Degradation of cartilage proteogly-
can by human leukocyte granule neutral proteas-
es-a model of joint injury. II. Degradation of

isolated bovine nasal cartilage proteoglycan. J.
Clin. Invest., 57, 625-632 (1976).
4) Okada, Y., Takeuchi, N., Tomita, K

Nakanishi, I. & Nagase, H.: Immunolocalization

o)

of matrix metalloproteinase 3 (stromelysin) in
rheumatoid synovieblasts (B-cell): correlation to
rheumatoid arthritis. Ann. Rheum. Dis., (1989). in
press.

5) Velvart, M. & Fehr, K.: Degradation in
vivo of articular cartilage in rheumatoid arthritis
and juvenile chronic arthritis by cathepsin G and
elastase from polymorphonuclear leukocytes.
Rheumatol. Int., 7, 195-202 (1987).

6) A3 H: o5 —r L OME L. AHOR
%, 39, 260-265 (1988).

7) Harris, E. D,, Jr., DiBona, D. R. & Krane,
S. M.: Collagenases in human synovial fluid. J.
Clin. Invest., 48, 2104-2113 (1969).

8) Evanson, J. M., Jeffrey, J. J. & Krane, 8.
M.: Studies on collagenase from rheumatoid
synovium in tissue culture. J. Clin. Invest., 47,

2639-2651 (1968).

9) Harris, E. D., Jr., Cohen, G. L. & Krane,
S. M.: Synovial collagenase: Its presence in
culture from joint disease of diverse etiology.
Arthritis Rheum., 12, 92-102 (1969).

10) Woolley, D. E., Crosley, M. J. & Evanson,
J. M. : Collagenase at sites of cartilage erosion in
the rheumatoid joint. Arthritis' rheum., 20,

1231-1239 (1977).

11) Harris, E. D., Jr., Glauert, A. M. &
Murley, A. H. G.: Intracellular collagen fibers at
the pannus-cartilage junction in rheumatoid
arthritis. Arthritis Rheum., 20, 657-665 (1977).

12) Nagase, H., Brinckerhoff, C. E., Vater, C.
A. & Harris, E. D., Jr.:
secretion of procollagenase by rabbit synovial
fibroblasts. Biochem. J., 214, 281-288 (1983).

13) Hembry, R. M., Murphy, G. & Reynolds, J.
J.: Immunolocalization of tissue inhibitor of

Biosynthesis and

metalloproteinases (TIMP) in human cell.j. Cell
Sci., 73, 105-119 (1985).

i4) Hinegardner, R. T.: An improved fluorom-
etric assay for DNA. Anal. Biochem,, 39, 197-201
(1971).

15) 1Ito, A. & Nagase, H.: Evidence that human




AT F—¥EaT—F VERESR 909

rheumatoid synovial matrix metalloproteinase 3 is
an endogeqous activator of procollagenase. Arch.
Biophys. Biochem., 267, 211-216 (1988).

16) Okada, Y., Nakanishi, I. & Kajikawa, K.:

Ultrastructure of the mouse synovial membrane:
development and organization of the extracellular
matrix. Arthritis Rheum., 24, 835-843 (1981).

17) Okada, Y., Nakanishi, L, Munehiro, C.,
Umeda, S., Ichizen, H. & Masuda, S.: The
presence of siderosomes in synovioblasts (B-cells)
of chronic spontaneous hemarthrosis. Histologic,
electron microscopic, and roentgenographic

electron microanalysis studies of three cases.
Arch. Pathol. Lab. Med., 108, 968-972 (1984).

18) Barrett, A. J.: The possible role of neutr-
ophil proteinases in damage to articular cartilage.
Agents Actions,8, 11-18 (1978).

19) Harris, E. D., Jr. & Krane, S. M. : Collage-
nases. New Engl. J. Med., 291, 557-661 (1974).

20) Woolley, D. E., Harris, E. D, Jr,
Mainardi, C. L. & Brinckerhoff, C. E.: Collage-
nase immunolocalization in cultures of rheumatoid
synovia cells. Science, 200, 773-775 (1978).

21) Tartakoff, A. M.: Perturbation of vesicular
traffic with the carboxylic ionophore monensin.
Cell, 32, 1026-1029 (1983).

22) Morré, D. J., Morré, D. M., Mollenhauer,
H. H. & Reutter, W.: Golgi apparatus cisternae
of monensin-treated cells accumulate in the
cytoplasm of liver slices. Eur. J. Cell Biol., 43,

235-242 (1987).

23) Ledger, P. W., Uchida, N. & Tanzer, M.
L.: Immunocytochemical localization of procoll-
agen and fibronectin in human fibroblasts: Effects
of the monovalent ionophore, monensin. J. Cell
Biol., 87, 663-671 (1980).

24) Murphy, G., Hembry, R. M. & Reynolds, J.
J.: Characterization of a specific antiserum to
rabbit stromelysin and demonstration of the
synthesis of collagenase and stromelysin by
stimulated rabbit articular chondrocytes. Collagen
Rel. Res., 6, 351-364 (1986).

25) Hembry,R. M., Murphy, G., Gawston, T.
E., Dingle, J. T. & Reynolds, J. J. : Character-
ization of a specific antiserum for mammalian
collagenase from several species.: immunolocaliz-

ation of collagenase in rabbit chondrocytes and
uterus. J. Cell Sci,, 81, 105-123 (1986).

26) Brinckerhoff, C. E., McMillar, R. M,
Fahey, J. V. & Harris, E. D., Jr.: Collagenase
production by synovial fibroblasts treated with
phorbol myristate acetate. Arthritis Rheum., 22,
1109-1116 (1979).

27) Harris, E. D., Jr. & Krane, S. M.: Effects
of colchicine on collagenase in cultures of rheum-
atoid synovium. Arthritis Rheum., 14, 669-684
(1971).

28) Harris, E. D., Jr., Reynolds, J. J. & Werb,
Z.: Cytochalasin B increases collagenase product-
ion by cells in vitro. Nature, 257, 243-244 (1975).
29) Okazaki, I., Brinckerhoff, C. E., Sinclair,
J. F., Sinclair, P. R., Bonkowsky, H. L. &
Harris, E. D., Jr.: Iron increases collagenase
production by rabbit synovial fibroblasts. J. Lab.
Clin. Med., 97, 396-402 (1981).

30) Lotz, M., Carson, D. A. & Vanghan, J.
H. : Substance P activation of rheumatoid synov-
iocytes: neural pathway in pathogenesis of
arthritis. Science, 235, 893-895 (1987).

31) Dayer, J. M., Russel, R. G. G. & Krane, 8.
M.: Collagenase production by rheumatoid
synovial cells: stimulation by a human lymphoc-
yte factor. Science, 195, 181-183 (1977).

32) Dayer, J. M,. Bentler, B. & Cerami, A.:
Cachectin/ tumor necrosis factor stimulates
collagenase and prostaglandin E. production by
human synovial cells and dermal fibroblasts. J.
Exp. Med., 162, 2163-2168 (1985).

33) Vlassara, H., Brownlee, M., Manogue, K.
R., Dinarello, C. A. & Pasagian, A.: Cachectin/
TNF and IL-1 induced by glucose-modified
proteins: role in normal tissue remodeling.
Science, 240, 1546-1548 (1988).

34) Woessner, J. F., Jr.: Mammalian collagena-
ses. Clin. Orthop., 96, 310-326 (1973).

35) Young, R. D. & Watson, P. G.: Microscop-
ical studies of necrotising scleritis. II. Collagen
degradation in the scleral stroma. Brit. J. Ophth-
almol., 68, 781-789 (1984).

36) Mohos, S. C. & Wagner, B. M.: Damage to
collagen in corneal immune injury. Observation of
connective tissue structure. Arch. Path. 88, 3-20



910 4

(1969).

37) Young, R. D., Hembry, R. M., Watson, P.
G. & Dingle, J. T.: Ultrastructural studies of
corneal collagen during the development of
experimental scleritis in rabbits. Diag. Histopath-
ol., 4, 199-207 (1981).

38) Fell, H. B., Reynolds, J. J., Lawrence, C.
E., Bagga, M. R. & Glanert, A. M.: The
promotion and inhibition of collagenbreakdown in
organ cultures of pig synovium: The requirement
for serum components and the involvement of
cyclic adenosine 3"5'-monophosphate  (CAMP).
Collagen Rel. Res,, 6, 51-75 (1986).

39) Marchi, F. & Leblond, C. P.: Collagen
biogenesis and assembly into fibrils as shown by
ultrastructural and °H-proline radioautographic
studies on the fibroblasts of the rat foot pad. Am.
J. Anat., 168, 167-197 (1983).

40) McGaw, W. T. & Ten Cate, A. R.: A role
for collagen phagocytosis by fibroblasts in scar
remodeling : an ultrastructural stereologic study.
J. Invest. Dermatol., 81, 375-378 (1983).

41) Everts, V., Beertsen, W. & Tigchelaar-
Gutter, W.:
collagen is inhibited by the proteinase inhibitors

The digestion of phagocytosed

leupeptin and E-64. Collagen Rel. Res., 5, 315-336
(1985).

42) Parakkal, P. F.: Involvement of macroph-
age in collagen resorption. J. Cell Biol, 41,
345-354 (1969).

43) Jurnkova, Z. & Milenkov, C.: Involvement
of smooth muscle cells in collagen degradation in
the postpartum uterus. Virchows Arch. Cell
Pathol., 37, 237-244 (1981).

44) Henell, F., Ericsson, J. L. E. & Glaumann,
H.: An electron microscopic study of the post-
partum involution of the rat uterus. With a note
on apparent crinophagy of collagen. Virchows
Arch. Cell Pathol., 42, 271-287 (1983).

45) Svoboda, E. L. A., Brunette, D. M. &
Melcher, A, H.: In vitro phagocytosis of exoge-
nous collagen by fibroblasts from the periodontal
ligament : an electron microscopic study. J. Anat,
128, 301-314 (1979).

Collagenase in Rheumatoid Synovial Tissue. A Study of Its Immunolocalization
and Degradation of Collagen Fibrils  Yoichiro Sugawara, Department of Orthopaedic

Surgery, School of Medicine, Kanazawa University, Kanazawa 920—1J. Juzen Med. Soc.,
98, 897911 (1989)

Key words rheumatoid arthritis, synovial tissue collagenase, degradation of collagen
fibrils
Abstract

In order to study degradation mechanisms of collagen fibrils in rheumatoid arthritis,
collagenase was immunolocalized in rheumatoid synovium and the degradation of collagen
fibrils in rheumatoid synovium implanted in nude mice was examined morphologically and
biochemically. Using an antibody against rheumatoid synovial collagenase that was shown
to be monospecific to collagenase according to the data from Ouchterlony assay,
immunoprecipitation and Western blotting, collagenase was immunolocalized in rheumatoid
synovial lining cells only under the treatment of the synovium with 1g M monensin for
more than 1h. This indicates that collagenase is synthesized and secreted continuously
without storage by synovial lining cells in rheumatoid synovium. When rheumatoid
synovium was implanted into subcutaneous tissue of nude mice, extracellular breakdown of
collagen fibrils into microfibrils was observed in the sublining cell layer just beneath the
synovial lining cells of 1- and 2- week-implants. Production of collagenase by synovial
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lining cells of the implants was demonstrated by the collagenase assay and immu-
nolocalization technique. Therefore, it was suggested that collagenase may be implicated in
the extracellular digestion of the collagen fibrils. In addition to the extracellular
degradation of collagen fibrils, fibroblasts located deep in the sublining cell layer had
many vacuoles containing collagen fibrils, some of which showed degradative changes.
These findings suggest that collagen fibrils in the tissue with increased amounts of
collagenase activity are digested by both extracellular and intracelluar processes.



