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Rheumato id  arthritis (RA) is a chronic in f lammatory  
disease of joints invo lv ing  the pathological  deve lopmen t  
of an invasive and destruct ive pannus  tissue which con- 
tributes to the loss of cartilage and bone. To further  ana- 
lyze the process of cartilage degradat ion and invasion,  we 
have deve loped  an in v i t ro  mode l  composed of cartilage 
matrix and synoviocytes  (isolated from RA pannus tissue, 
as well  as normal  synovial  membrane) .  The matrix is 
der ived from pig articular cartilage and contains collagen 
type lI and proteoglycans  and is s imilar  in cornpositior~ to 
hunlan carthage. Data generated from this model  reveal 
that synoviocytes  isolated f rom RA pannus  tissue inva- 
ded cartilage matrix in a manne r  which  directly correlated 
with the severity of the disease. Analysis  of mechan isms  
associated with the invasive process demonst ra te  that 
h ighly  invas ive  RA synoviocytes  mainta in  a round mor- 
phology dur ing  at tachment  and spread ing  on cartilage 
matrix, compared  with their  normal  counterparts.  Fnr- 
thermore,  the level of secretion of matrix metal loprnte-  
inase (MMP) activity was shown to correlate with the RA 

phenotype ,  which  could be modu la t ed  with  a novel  
MMP inhibitor.  Normal  synoviocytes  could be "con- 
verted" to an RA pheno lype  by specific i n f h u n l n a t o ~  
cytokines, such that invas ion  of cartilage matrix was aug- 
mented by culturing these cells in the presence of 5 U/mi 
IL-I!] or 18 U/ml TGF[~. Invas ion  was inhibi ted  by 150 
U/ml TNF(,, and unaffec ted  by 100 ng/ml  PDGF. In addi-  
tion, synovia l  f luid f rom RA patients  induced invas ion  of 
normal  synoviocytes,  in a concentrat ion dependen t  nran- 
net, from 15()~ to 4609~; however ,  synovial  f luid from 
another  i n f l a m m a l o w  arthr i t idy (Crohn's)  did not aug- 
ment  invasion to the same degree.  Moreover,  this "con- 
version effect" appears  to be specif ic  for synoviocytes,  
since s imilar  effects could not be achieved wifla h u m a n  
skin fibroblasts. Thi~ m ui t ro  model  of synoviocyle-medi -  
ated cartilage invasion a l lows for fur ther  molecular  char- 
acterization of the invas ive  proper t ies  of the synoviocyte  
w h i c h  contr ibnte to RA. (Pathology ( nc~ l~ .z '  Resea |d l  
\"o1 2 N~3  !57 I(~t~, lgc)(~) 
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poratcs normal and RA synoviocytes, cartilage matrix, and 
the Membrane Invasion Culture System {MICS). H 
Essentially, the in vitro invasion model presented here is a 
modification of two previous systems using co-cultures 
with cartilage pieces. ~~ In these prior studies, Hamerman 
and collcagues.L{~ The observed RA synoviocyte-mediated 
cartilage depletion, while Janusz and Hare ~5 made similar 
observations with transformed cell lines. Thc irl vitro joint 
model reported here advances previous observations of 
cartilage destruction by' challenging both normal and RA 
synoviocytes with a homogeneous cartilage matrix. We 
have used this invasion model to analyze mechanisms 
associated with RA synoviocyte cartilage matrix degrada- 
tion and invasion, as well as factors involved in the con- 
version of normal synoviocytes to the RA phenotype. 

Other key participants in RA joint destruction are matrix 
mctalloprotcinases (MMPs), which are capable of degrad- 
ing cartilage matrix, and have been identified in RA 
synovial fluidfl Moreover,  the levels of stromelysin and 
interstitial collagenase from plasma have been shown to 

destructmn.-'~ correlate with RA progression and joint �9 ,~ ,4 
While thcsc observations suggest that MMPs are involved 
in cartilage destruction in RA, direct evidence lk)r the role 
of these enzymes in advancing the pannus front into carti- 
lage has not been demonstrated. 

It has been proposed that inflammatory mediators asso- 
ciated with the active inflammatory immune response in RA 
induce thc normal quiescent synovial membrane to prolifcF 
ate into invasive pannus tissue, j' In fact, inflammatory 
cytokines have been shown to affect RA synoviocyte 
growth characteristics, -~j including MMP gene expression, ~ 
and may be important in the conversion of normal synovio- 
cytes to the invasive RA phenotype. This hypothesis was 
tested in our in vitro invasion model by culturing normal 
synoviocytes in either RA synovial fluid or in cytokines 
present in RA synovial f l u i d -  namely, interleukin-lbeta 
(IL-I[~), tumor necrosis factor-alpha (TNFo0, transfi)rming 
growth factor-beta (TGF[~) or platelet derived growth factor 
(PDGF), and measuring subsequent modulation of invasi- 
veness through cartilage matrix. 

Herein is described an in vitro invasion assay for analy- 
sis of synoviocyte invasion of cartilage, with special focus 
on some of the mechanisms associated with the destruc- 
tion of  joint matrix. 

Materials and Methods 

Human synoviocytes 

Synoviocytes were isolated from RA pannus tissue and 
normal synovial membrane. Pannus tissue was obtained 
from RA patients undergoing joint replacement surgery. 
Normal synovial membrane was obtained from patients 
undergoing joint arthroscopy, primarily for sports-related 
injuries, who did not have clinical evidence of RA or other 

inflammatory arthropathies. Synoviocytes were isolated 
and cultured as previously described. ~~ Cells were col- 
lected with trypsin (Gibco BRL, Grand Island, NY) and 
used after passage 2 and prior to passage 6, for RA syno- 
viocytes, and prior to passage 10 for normal synoviocytes. 
Malmc-3 normal human skin fibroblasts (ATCC, Rock- 
ville, MD) were used between passage 13 and 15. All 
cultures were randomly demonstrated to be Mycolgavma- 
free by testing with the Gen-Probe Rapid Detection Sys- 
tem (Fisher, Pittsburgh, PA). In addition, cultures were 
shown to be negative for imnmne ceils by immunofluores- 
cence staining of HLA-DR and CD I lb. 

Cartilage matrix 

Articular cartilage was isolated from the joints of the front 
and rear legs (lmm the hip to the hood of 12-16 week-old 
ennventional Yorkshire cross pigs, obtained fiom the Wil- 
cox Hog Farm (Wilcox, AZ). Cartilage extract was prepared 
as previously described 7> by repeatedly extracting cartilage 
shavings in a 4M guanidine hydrochloride solution. The 
pooled extractions were cleared by ecntrifugation, dialyzed 
against 10mM ammonium bicarbonate, lyophilized and 
stored at -20~ until use. Cartilage matrix was resuspended 
in phosphate buffered saline (PBS) for further analysis and 
use in experiments. Morphological analysis of the matrix 
with light microscopy was perikwmed using cartilage 
extract-coated culture dishes, stained with Coomassie blue. 
Cartilage extract was spread on a glass coverslip for scan- 
ning electron microscopy, fixed in cacodyIate-buffered 
Karnovsky's fixative ~6 followed by dehydration, using a 
series of ascending grades of  ethanol. The matrix was 
coated with gold palladium prior to observation in the Etec 
Autoscan electron microscope, operating at an accelerating 
voltage of 20Kv. Cartilage extract proteins were electropho- 
retically separated in a standard 12.5% SDS polyacrylamide 
gel 2~ and stained with Coomassie blue (0.25% Coomassie 
blue R235, 25% isopropanol, /0% glacial acetic acid). 
Proteoglycans in the extract were fractionated by first add- 
ing CsCI to 5.2 M tbllowed by centrifugation. Subsequently; 
the gradient was divided into 4 equal fractions, dialyzed and 
clectrophoretically separated in a 1.2% polyacrylamide- 
0.6% agarose gel and stained with Toluidine blue. :'5:~ 

b~vasion assay 

The Membrane Invasion Culture System (MICS) assay 
was performed as previously described ~4 with slight 
modifications. A polycarbonate filter containing 10 him 
pores (Poretics, Inc., Livermore, CA) was coated with a 
cartilage matrix spread to a uniform thickness and placed 
in the MICS chamber. Synoviocytes were seeded at a 
concentration of 1 X 105 cells/upper well of the MICS 
chamber in Dulbecco's Modified Eagles Medium 
(DMEM; GIBCO, BRL) containing Mito+ serum-free 
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Figure 1. Biochemical and morphological analyses of articMar 
cartilage extract. A: SDS polyactqylamide electrophoretic analysis 
of proteins in the extract as stained by Coomassie blue. Ar~vw 
indicates the c, chain doublet of type 11 collagen. Internal lanes A, 
g and C represent serial dilutions of the cvTrtilaw extract to load- 
ing buffer (1 mg/ml) of: A,7:7; B,l:2; and C,1:3. 13: CsCI 
ffactionation and gel electrophoretic analysis of proteoglycans in 
the cartilage extract from CsCI fractions were obtained: a) least 
dense CsCI fraction collected )~om the top of the gradient; b) 
directly below fraction a; e) directly abow ? fracth)n d; and d) most 
dense CsC1 fraction collected from the bottom of the gradient. 
C,D: Moq)hological analysis of cartilage matrix; C: lnvertM light 
microscopy of cartilage matrix coated onto a tissue culture dish 
and stained with Coomassie blue (original magn!fication 125X). 
D: Scanning electron microscopy of a cartilage-coated glass 
coverslip (original magnification 3000X). 

acid content of the cartilage extract fractions indicated that 
protcoglycans compriscd 13.6% of thc extract and wcrc of 
a composition typical of cartilage. For our applicalion, it 
was important that the extract also form a matrix that 
could be incorporated as a barrier in an in vitro invasion 
assay. To demonstrate the architectural "matrix" forming 
properties of the cartilage extract, a cuhure dish and glass 
coverstip were coated with the extract, and the morphol- 
ogy observed with light and high resolution scanning 
electron microscopy, respectively (I.7g. IC,/D). Thc,~e 
morphological analyses demonstrate that the extract forms 
a complex matrix containing interlocking and interweav- 
ing fibrils. 

Correlolio## q[ in vitro Synoviocvle lnva,sion 
(7[Cartilage Matrix with RA Clinical Progression 

To measure the ability of synoviocytes to invade the 
cartilage matrix, the MICS chambei J4 was adapted to in- 
corporate both the cartilage matrix and synoviocytes. In 
this model, normal and RA synoviocytes were able to 
invade through cartilage matrix-coated filters in a 4 8  hi 
assay. Normal synoviocyte invasion ranged from 0.2% to 
3.4% (Fig.2A). By comparison, RA synoviocyte invasion 
of cartilage matrix ranged flom 0.3% to 7.3<,7<. The vari- 
ability in the invasive nature of RA synoviocytes isolated 
from separate patients prompted a comparison of in vitro 
invasiveness vs. progression of disease. The disease activ- 
ity was determined from medical histories and X-ray 
analysis of bone erosions. In Kig,2lL the clinical prog- 
ression of RA vs. the invasiveness of RA synoviocytcs 
were statistically analyzed, and a correlation is shown 
between RA synoviocytc invasion in the MICS assay and 
disease progression. (Spearman's rank, r=0.78) 

S),noviocyte Attach.tent atM Spreading 
on CeirlihG, e Matrix 

Attachmenl and spreading are key steps in the process of 
matrix remodeling and invasion 22. To determine if synovi- 
ocyte association with cartilage matrix differed between 
highly invasive RA synoviocytes (RA-02) and normal 
synoviocytes (N-OI),  we observed the ability of these cell 
phenotypes to attach and spread. As shown in Fig.3, at 30 
rain post-plating, both normal and RA synovioeytes have 
attached to the cartilage matrix in a similar manner with 
the maiority of the cells maintaining a rounded morphol- 
ogy. At 2 hr post-plating, normal synoviocytes were well 
into the spreading process, as indicated by the presence of 
extended, dendritic-like processes extended by the cells 
and a lack of reflected light around the flattened cell 
bodies. Conversely, the highly invasive RA synoviocytes 
(RA-02) at 2 hr post-plating were less spread, demonst- 
rated by increased reflected light around the cell bodies, 
grad retained the niore rounded morphology. Hence, these 
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data indicate that a differential spreading ability exists 
between the poorly invasive and highly invasive synovio- 
cries on cartilaoe matrix. 

Meta/loproteimrve D l - yme  Activilv 

Rheumatoid synoviocytes have been shown to secrete a 
variety of MMPs"'; however, there have been no compara- 
tive studies performed with normal human synoviocytes. 
1o determine if the extracelluhu levels of specific MMPs 
produced by synoviocyles correlated with the RA 
phenotype, enzyme activity was measured by substrate- 
incorporated SDS-polyacrylamide gel electrophoresis 
(zymography). Supernatants were collected from normal 
synoviocytes (N-02 and N-()3), and RA synoviocytes (RA- 
02. RA-03, RA4/4), after 48 hr incubation with cartilage 
malrix. As shown in Fig.4A using a gelatin substrate, all 
cell types produced gelatinases A and B; however, only 
the RA samples produced the aclive form of gelatinase B, 
as well as additional breakdown products of gelatinase A. 
All cell types showed stromelysin activity using a casein 
substrate (data not shown). Further determination of  MMP 
gene expression by Northern blol analysis corroborated 
these data (results not shown). 

In an attempt to inhibit the degradative, and hence, invas- 
ive activity of RA synoviocytcs, we tested the elf cot(s) of 
COl :3  (an inhibitor of  gehltinolytic activity ~) in addition to 
(x-l-antitrypsin (an inhibitor oi: elastase activity) ~2 in the in 
vim) invasion assay. The data shown in 1"7,~.4B demonstrate 
a marked decrease in thc invasive ability of RA synoviocy- 
tes, when treated during the invasion assay, and a synergis- 
tic effecl with o~-l-antitrypsm plus COI:3 ,  resuhing in a 
greater diminution in invasive activity. 

Modulalion o/,'Normal Svncwiocvle hwasio/l b3 (7'vlokine,~ 
and Svnovial Flu id 

A compelling argument has been madc lot cvtokinc medi 
ated joint destructkm observed in RA. Thus. with our 
model, we tested the hypothesis lhal specific cytokines. 
found in synovial fluid, have the ability to modulate the 
invasive capability of normal synoviocytes i;; vitro. Tahh, l 
shows thc maximum dose elfeet tested ol specific inflam- 
matory cylokines: I1~ I I~. TGF~. TNF(~, and PDGE on 
several normal synoviocyte cell strains. After 8 days of 
Ireatmenl with each respective cytokme, the cell,,, were 
washed and seeded onto carlila?e matrix in the inva@m 
model. Clearly. IL-II3 and TGF[3 increased the inwisivc 
ability of these cells, while TNF(x reduced their invasivc- 
hess through cartilagc malrix, and PDGF had little eflizct. 
Depletion of TNF(x from lhe media using neutralizine 
antibodies, resulted in the restoration of invasive activity 
similar to the levels achieved by the respective lgG control 
The next set of experiments tested the ability of synovial 
fluid, derived from two patients with progressive RA and 

one patient with Crohn's disease (an inflammatory bowel 
disorder), to augment the invasive phenotype of normal 
synoviocytes (Fig.5). Fol lowing a similar 8 day 
pretreatment protocol, Fig.5A demonstrates a concentra- 
tion dependent increase in the invasive ability of the nor- 
real cells to respond to synovial fluid (diluted to a final 
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Figure 2. A. Bar gnTpits showing actttal petter# iuvason of ~wr- 
nml syuoviocyte> (N) versus RA sjmoviocytes (RA) tll)Ou@ 
cartilas.e matrix m ~qtro. B. Scnfk'r ,graph ol RA synoviocyte's 
im,asion mtcs aM CO;llbilI&l Scord o/ cliHAral arid boll{' 8PohlatiOllS 
(~tatistical a,alysis ~{f Speorman',, rank r-0.78), hmosio*? 
throu,~h cartilage matrix was measured usi ,y  the MICS assay i~z 
which RA and normni sym~viocyte> were an~flyzed tot their 
abilit.zt to penetrate a cartila:c extracI coated po/ycarbouatc fi[h'r, 
CoHhTiH/1/k, lOlm~ pores. Error is expres,;cd as shlmh/rd error o[ 
[JlC I/lOtlt O/ I1--.'] wells mmmu,m from a reprcseutatiue expert 
me,  t: im,asiol~ rates arc evprcssed os the percent%,c of cells *eeth d 
o~ttI) the cartilage cuaied filter compared with the l~oSt im,asive 
cells collected ]ram the tmdcrs.J[blcc ot the filter Scores were 
derived ~tom patie~zt evahaTtioms) /o; clinical progressio~z of 
&seasc ond born: im,olvcmcp# at tlw time qf surqeJ!/ Scores rany, e 
fl'om 0 (mild &sease activity amt lillh: lww im,otveme~fl) to +4 
(r &sease with extensk,e bone i~wohvmc,t). Statistical 
flHfllItsis ~oas ]q?FfO/'ltled b l~ CO/HI?flFiH2.~ t JR' 1~.,4 im,asiv,'m'ss i~> 
poirdd tlOl'tlltll Sl/llO~)iOLl/t/2 im,asiolz. 

Vol " .~. No3, 1996 



162 F R Y E  et al 

N 3  

30m 2h properties of RA pannus tissue have been observed in 
Pino in both human patients and in animal models, as well 
as in Pflro using co-cultures of pannus tissue and joint 
components, t~ To I'urfl~cr analy• the ability of pannus 
tissue to invade cartilage, we have developed an in vitro 
model of synoviocyte inwtsion which incorporates an 
articular cartilage matrix and essentially simulates a joint. 

R A-2 

9 7 -  

Figure 3. Phase contrast micrographs of normal (N-3) mzd 
rheumatoid arthritis (RA-2) synoviocyte on cartilaf~e matrix. 66- 
At 30 rain, all samples are composed of 100% rounded cells. At  
2 hr, 15~. of N 3 are rotmded; while 39(~ of RA 2 remaiH 
roumled (oriy, inal ma~qnification 125X). 45 

,3 Z Z ~ ~-- ~" 

411 

",112 

- 9 3  

concentration of 10%, 25% and 50% in meclia) by aug- 
menting invaskm up to 460% compared with control. We 
also tested whether this "convcrsion" effect was specific 
for synoviocytes by treating Mahne human skin 
fibroblasts with synovial fluid fl-om the same RA patient, 
and found little to no effect on invasiveness. Synovial 
fluid from another patient with RA (Fig.5B), diluted as 
described above, 10%, 25 '~ and 50%, showed an augmcn- 
tatkm of invasive potential of synoviocytes through carti- 
lage matrix, similar to that demonstrated in Fig.5A. W e  

then used gelatin zyrnography to analyze the conditioned 
medium from normal synoviocytes treated with another 
RA synovial fluid (50% dilution), to determine if 
increased invasive activity correlated with potential 
changes in gelatinolytic activity (inset). Consequently, this 
treatment resulted in a 4-fold increase in the amount of 
extracellular active gelatinase A (lane I compared to larle 
3) and corresponding increase in the amount of APMA 
activatable gelatinase A (lane 2 compared to lane 4). (We 
also verified the presence of specific cytokines in these 
synovial fluid samples, and found IL-I~ IL-2, IL-2R, 
TNF-c~, IL 6, TGF ~ and PDGF, similar to what was 
shown in Table 1.) Lastly, we tested the ability of Crohn's 
synovial fluid to induce the inw~sive phenotype of normal 
synoviocytes, and found this induction wa,', not cunccntra- 
tion dependent and did not significantly alter invasiveness 
above two-fold (Fig.5D). 

Discussion 

The pathology of RA is mediated by the conversion of 
the normal quiescent synovial membrane into the highly 
metabolic pannus tissue. ~e*' The invasive and destructive 
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Figure 4. A. Zymowaphic mmlysis of s, elatinolytic activity 
&ore 48 hr supernatants of normal arid RA symwiocytes cul 
tured on  cartihTge matrix. Control(s) consists of medht 
superm~.tanl f,'om carlihTge malr& without cells. Enzyme aetiv 
iht is denoted by clear zones adlere the substrate co,tai ,ed i ,  
tf~e 2el has been degraded and is uot staiued b~l Coontassie blm'. 
Arrow 1 points to gelatim~se B (MMP-9),  with im lmderlyiH~r 
zolte ofiassociated activity, primarily in the RA sanzples. Arrow 
2 points to xelatinase A (MMP-2),  with all ~mderlying zone of 
associated activity i~z N 03, RA 03, RA 04 amJ KA 112. Arrow 
,3 poi,ts to ~tdditio,al breakdown (or proteolytic) /or,zs ~( gela- 
tinase A, oHly i~z RA santples. B. Am@sis of the {:fleet(s) of 
COL-3, c<-l-antitrypsin, or u,-1-autittypsin with COL-3 oH 
the abili!l/ of RA synoPioeytes to desrade amt imitate cartilage 
matrix, comFared with tmtreated control cells, over 48 hr in 
vitro, lnvasive p<,h'tztial of control waq ~,~rmalized to 100% 
i~tvasiou, and the i ,  vosiveness of treated calls was determined 
as a pereetlta,~e of cmltrol. Error bars are hosed Oil i1=8, atld flip 
SE was deh'rmined relative to control cells. 
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Using this model, we have investigated mechanisms asso- 
ciated with invasion, including cellmatrix interactions 
and MMP activity production as well as the ability of 
inflammatory cytokines and RA synovial fluid to induce 
an invasive phenotype in normal synoviocytes. We have 
also demonstrated the utility of testing inhibitor(s) of 
MMP activity for their efficacy in dimishing joint matrix 
degradation. 

Tbe unique component of the in vitro model is the carti- 
lage matrix bahlet generated from a porcine articular 
cartilage extract which contains collagen type 11 and pro- 
teoglycans the major constituents of articular cartilage. I~ 
Quantification of uronic acid, which is a measure of prote- = 
oglycans, indicates that the extract contains 13.6% prote- 
oglycans, thus mimicking intact human cartilage. L' In 2 
addition, the extract can be spread over a surface creating 
a microfibrillar array of interweaving fibers, similar to that 
tk}und in joint matrix. ,~ 

k..Y 
Incorporating the cartilage matrix barner into the MICS ~- 

�9 
assay j4 led to the development of the in vitro invasion ~ 
assay in which both normal and RA synoviocytes could be 
observed to actively invade. Normal synoviocyte invasion 
was not unexpected since fibroblasts as well as fibroblast- 
like cells have been shown to have matrix modifying 
characteristics that would enable these cells to degrade -8 
matrix components, as 

Based on observations using the in vilro invasion assay, 
wc began to investigate key steps in the invasive process, .9, 
which have been described and partially characterized in 
relation to tumor cell metastasis, l,iotta et al. 23 describes 
invasion as a series of steps beginning with attachment to 
the basement membrane, followed by dissolution of the .~ 
membrane, and culminating in cellular movement through 
the degraded matrix. Applying these basic principles -= 

Tabel  t .  Cytokine modulation of normal synoviocyte 
invasion of cartilage matrix 

N-01 N-02 N-03 N-05 

IL-I~ 
(SU/ml) 123• 669+59 

TGF~3 280_+11 ND 
(180U/ml) 

TNF{x 
{150U/mi) 20• ND 

Anti-TNF{x 
(61.1g/ml) 

I'DGF ND 137+16 (100 ng/ml)  

110• 

167• ND 

ND 387• 

23• 23• 

116• ND 

Invasion of synoviocytes (N) cultured in media alone was 
arbitrarily set to a value of 100%, and the cytokine cultured 
>arnples were compared to this control. 
* TNFc( activity was neutralized with a monoclonal antibody 
to TNFcg and invasion values compared with those associ- 
ated with the IgG control arbitrarily set at 100%. 

govcrning tumor cell invasion to the study of synoviocyte 
invasion, we first compared the ability of highly invasive 
and normal synoviocytes to spread on cartilage matrix, as 
others have demonstrated a correlation between cell sprea- 
ding and invasiveness. 3 Highly invasive RA synoviocytes 
maintained a rounded morphology for a longer period of 
time than their normal counterparts when initially plated 
on cartilage malrix. Although there is no difference 
between the ability of normal and RA synoviocytes to 
aUach to the matrix substrate, the less spread inorphology 
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Figure 5. Bar gn~phs representing percent invasion compared 
to control of normal synoviocytes treated for 8 days with 
synovhd fluid (SF), 0%, diluted i0%, 25% or 50% with 
medium, from 3 patients with RA (A), and (B), (C) or Crohn's 
disease (D) prior to testing invasiveness through cartilage 
matrix in the MICS assay. In (A), the effect of 50% SF from an 
RA patient was also measured with respect to the invasive 
potential of Maline human skin fibroblasts. Standard error bars 
are expressed as standard error of the mean Of n=3 wells mini- 
mum per sample, with each experiment performed in duplicate. 
Percent invasion of experimental wells receiving SF was com- 
prised with porte,it i,,~a>i,m gct,:r, ted f~um e{:ttirul witho, t SF, 
in which the values were arbitrarily set at 100%. In (C), inset 
shows the zymographic analysis of supernatants from normal 
synoviocytes, either non-treated control or pretreated with 50% 
RA conditioned medium, prior to testing invasiveness D, vitro. 
This treatment resulted in a 4-fold increase in the amount qf 
extracelhdar active gelatinase A (MMP 2), shown in lane 1 
compared with lane 3, and a corresponding increase in the 
amount of APMA aclivatable gelatinase A, shown in lane 2 
compared with lane 4. 
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displayed by the RA cells may be conducive to a more 
migratory phenotype, as has becn demonstrated previously 
with tumor cells, zs As an aside, we also tested whether this 
adhesion was mediated by integrins via treatrnent of both 
normal and RA cells with RGD peptide, as well as RGE 
control peptidc. These data. although not presented in this 
study, showed a 7()9~ inhibition of attachment in both cell 
types with RGD, thus implicating the involvement of 
integrins in the process <>f attachment. 

Fhe second step in the invasive process involves the 
dissolution of matrix components, MMPs are a family of 
enzymes capable of degrading matrix components and 
have been associated with the invasive ability of tumor 
cells > and synoviocytes, 3<~ and have been identified in RA 
synovial fluid. > In the present study, a comparison was 
made between MMPs produced by normal synoviocytes 
vs. RA synoviocytes plated on cartilage matrix. These 
cxperiments revealed lhal gehltinase A {MMP-2), gc!ali 
nase B (MMP-9) and stromclysin I (MMP-3) were 
secreted by both normal and RA synoviocytes; however, 
the active form of gelatinase B was observed in tile RA 
samples but not in the normals. Furthermore, additional 
breakdown products of gelatinase A were only obscrvcd 
in the RA samples. Indeed. one of lhc most interestin~ 
obselwations disclosed in this report ix the inhibitory 
effect of COL-3 (tested lit a physiological dosage of 50 
btgtml) on the invasive and degradative ability of RA 
synoviocytes i~ vitnT. Current studies in our laboratory 
indicate a dosc response to COL-3 is achicwibte, ranging 
flom 3 btg/ml to 50 btg/ml, with the greatcst inhibition of 
degradative activity being associated with the 50 ,ug/ml 
dosage. This compound belongs to a class of chenlicallv 
modified tetracyclines with anti-gelatiuolytic activity, 
which have been shown to be efficacious in the treatment 
of cancer, oral ulcerations, and osteoarthritis ~,. In this 
study, a synergistic effect of COL 3 with o:-l-antitrypsin 
resulted in the grcatest inhibition of  invasive activity. 
Furthermore, wilh the recenl finding that collageuases 
can also degrade sernm o~-l-antitrypsin (a major endoge- 
nous serpin inhibitor of serine proteinases), there is 
strong evidence to suggest tha! chenlically modified 
tctracyclines may "protect" extracellular inatriccs from 
not only the collagcnasc and gclatinase MMPs, but from a 
wider spectrum of neutral proteases. ~-" We next tested tile 
hypothesis that inflammatory cytokines, found in RA 
synovial fluid, have the potential to convert normal syno- 
viocytes to the invasive RA phenotype We analyzed I1.- 
1~, TNFo~, TGF[3 and PDGF, as these cytokines have 
been consistently identified in RA synovial lluid. *~ Nor- 
real synoviocyte invasion was augmentcd by 5 U/ml 11~- 
1~3 or 18 U/ml TGF[3. Previous studies demonstrated I t -  
113 can induce collagenase production in human RA 
synoviocyte 4, which may contribute to the invasive nature 
of normal synoviocytes exposed to I t -  1 ~3. TGF[} contrib- 
utes to the pathology of RA, as demonstrated by intra- 

articular injections of TGF~3 promoting an intlannnatory 
condition in the SCW rat model. ~v In this study, TGF~ 
promotion of the invasive phenotype of normal synovio- 
cytes support the previous observations of Wahl lind 
colleagues in the SCW rat model. ~7 Normal synoviocytes 
culturcd with 150 U/ml TNFc*. wcre much less invusi~c 
than the untreated control cells in our study, thus suggest- 
ing a ncgatix, e regulatory role for Ibis cvtokine. In fact, 
the role of TNFo~ in suppressing tumor growth and 
metastasis has been established in a stud'/ where itllnOl- 
cells were genetically altered to express "FNFo~, which 
formed only small tumors and no metastascs) v and. thus, 
associates this cytokine with the suppression of meta- 
static behavior. On the other hand, TNF~ has been asso- 
ciated with tile pathology of  RA, as antibodies io TNFc~ 
have been shown to significantly reduce the severity of 
collagen-induced arth,itis in inice]  v This apparent dis 
crepancy may be explained by the role of TNFcz in en- 
hancing tile inmlune response. For instance, T cells 
exposed to TNFc~ demonstrate enhanced proliferation m 
response to IL-1]3, ~<j and TNFo< enhances the T cell 
response to antigenic challenge. ~ Thcrelk)re TNFcz may 
contribute to tllc inflannnation of  RA. thus generating 
other factors involved in the development of the invasive 
pannus tissue. With respect to PDGE up to 100 ng/ml 
showed no significant enhancement of the invasive 
phenotype of normal synoviocytes; yet. it has been shown 
to induce proliferation in fibroblasts. <'>,3. However, it is 
important to keep in mind that proli/eration and invasion 
are two distinct processes which are essentially mutually 
exclusive events in our invasion model. During the 48 hr 
window of observation for the invasion a,ssay, prolifer- 
atinn of either normal or RA synoviocytes does not occur. 

The nlost fascinating aspect of this study is the experi- 
mental manipulation of normal synoviocytes, by RA 
synovial fluid, resulting in up to 4.6-fold increase in 
invasion compared with control. The maximum effect 
achieved wax with tile 50(Zr SF concentration from two 
different RA patients. As an additional control in the per- 
liorniance of these experinlents, we addressed whether the 
"converting" activity could be partially attributed to thc 
cartilage matrix. Accordingly, cells were treated with RA 
synovial fluid while growin~ on either cartilage or just 
plastic, followed by testing in the invasion assay. The 
results indicated that both conditions lead to a similar 
augmentation in invasive potential, thus suggesting that 
the "converting" activity of the synovial fluid is at a cellu- 
lar level and not derived from inductive, extracellular 
stimuli (dala nol shown). Of special signiflcarme is the 
obseivation related to the "nonconversion" of the Mahne 
human skin fibroblasts by 50% RA SF, indicating that the 
effect of cytokines on synoviocytes is quite specific, po- 
tentially via cytukine cell surface receptors. Just as intrigu 
ing is the observation of the Crohn's SF on normal syno- 
viocytes, which does not demonstrate the same degree of 
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"cc, nversi t i i f '  potential  as RA synovial  fluid. A h h o u g h  

C r o h n ' s  disease is cons idered  an in f lammatory  connect ive  

tissue disorder,  it differs from RA with its associat ion with 

i lnmnne  complex  patl-iology and more obviocls comple-  

ment  mediated vasculit is,  l l ence ,  the net effect of  the 

hernial  synoviocyte  convers i tm studies suggests  that: l) 

thesc cells can bc conver ted  to an RA phenotype  by treat- 

meni  wilh synovial  flnid isolated from RA patients;  2) the 

uprcgulat ion in invasive ability, thl-ott<qtr cartila<,e~ nqatrix is 

accuntpanied  by a conct)nlilalll  increase in M M P  activity;  

and 3! this effect appears  to be concent ra l ion  dependent  

and specific to synoviocytes .  

RA is a disease process that may cuhnina le  lit joint  clest- 

ruction. This study describcs the deve lopment  and utiliz- 

atiori of  a clinically relevanl invasion assay reflcCtillg the in 

s i tu  envi ronment  of  cart i lage-pannus junctions.  An analysis 

of  mechanisms  associated with 1he process of invasion 

reveals thai cell-matrix interactions involved in spreading of 

swmviocvtes  im callila,,e n/all-iX illay contribute to lhe 

highly invasive RA phenotype.  A fnrtl~er analysis of" M M P  

production indicated both normal and RA synoviocytes 

secrete MMPs:  however,  more acUt ,e  gelatinolytic activity 

is associated with RA cells which may contr ibute to joint  

destruction. Fur themmre ,  t realment of  RA cells with 

inhibitors of gelatinolytic and collagenolyfic activity 

resulted in a 5(1<2i decrease in inwisi',,e activity over 48 hr. [n 

addition, the invasive ability of hernial  synoviocytes was 

modulated by specific cytokines known to bc present in the 

synovial fluid of  RA patients as well as RA synovial lluid 

itself, t Ience,  the model allows for further  analysis of  the 

invasive phenotype of synoviocytes,  the meclaanisms asso- 

crated with carti lage destruction in this disease, and ewtlu- 

ation if additional M M P  inhibitors for their efficacy in re- 

versing the clinical progression of RA. 
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