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In spite of  decades  of  invest igat ion,  the etiology(ies) of  r he uma to id  ar thr i t i s  (RA) 1 
and  m a n y  of  the re la ted  rheumat i c  diseases remains  unknown.  One  hypothesis  
suggests that  cer ta in  poor ly  deg radab le  bacter ia l  pep t idog lycans  are  t ranspor ted  to 
the jo in t  and  are capab le  of  ins t igat ing an a b n o r m a l  i m m u n e  response on the par t  of  
the host (1, 2). T h e  resul tant  i n f l ammato ry  response by  the host is se l f -perpe tua t ing  
and  leads to the des t ruct ion  of  the  jo int .  This  viewpoint  is suppor ted  by the observat ion  
that  there  is an increased humora l  response to bac ter ia l  mucopep t ide  ant igens  in 
juven i le  R A  pat ients  (3, 4) and  at least one report  (5) of  increased ant ibodies  in adu l t  
R A  pat ients .  

Exper imenta l ly ,  a n u m b e r  of  invest igators (reviewed by  Schwab et al. [6]) have 
demons t r a t ed  cer ta in  forms of  chronic  re lapsing ar thr i t i s  in an imals  using mul t ip le  or 
single injections of  microbia l  antigens.  In a rat  model  of  ar thr i t i s  (7, 8), in t raper i to-  
neal ly  injected sonicated cell wall  mate r ia l  from the group A streptococcus has been 
found to localize in the jo in t ,  in i t ia l ly  be ing  found ext racel lu lar ly  as well as inside 
phagocyt ic  cells. As the ar thr i t is  became chronic,  the mater ia l  was found in the 
synovium p r e d o m i n a n t l y  inside the macrophages .  T h e  bacter ia l  cell wall  is composed  
of  various polysacchar ides  l inked to a pep t idog lycan  backbone ,  and  the relat ive 
nonb iodeg radab i l i t y  of  bacter ia l  pep t idog lycan  a p p e a r e d  to be an impor t an t  pa tho-  
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MDP, N-acetylmuramyl-L-alanyl-D-isoglutamine (muramyl dipeptide); MEM, minimum essential me- 
dium; P, plasminogen; PA, plasminogen activator; PBMC, peripheral blood mononuclear cells; PBS, 
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genic factor. Sonication of the cell wall material greatly enhanced its arthritogenicity. 
The synthetic adjuvant, N-acetylmuramyl-L-alanyl-D-isoglutamine, (muramyl dipep- 
tide, or MDP), which forms a part of the monomer of the peptidoglycan portion of 
bacterial cell walls, can also be arthritogenic in rats if administered appropriately (9). 

Local release of proteolytic enzymes such as plasmin and collagenase could be 
responsible for some of the tissue damage and vascular effects associated with RA (10, 
11). Plasmin is generated after interaction of another neutral protease plasminogen 
activator (PA), with its substrate, plasminogen (P). The PA/plasmin system has been 
detected in cultures of enzyme-dissociated rheumatoid tissue (10). Plasmin can 
degrade basement membrane  (12) and cartilage (13) and activate both a latent 
collagenase (10) and also certain enzyme cascades likely to be of importance in the 
development of inflammatory responses (14-16). It was reported that conditioned 
medium (CM) from normal human peipheral blood mononuclear cells (PBMC) 
elevated the PA activity of  passaged nonrheumatoid human synovial fibroblasts (t 1), 
and more recently of the passaged rheumatoid counterparts. 2 This modulation of the 
synovial cell PA activity by mononuclear cells (MC) was proposed as being part of 
the cellular interactions contributing to the properties of the aggressive, invasive, 
rheumatoid "pannus"  (11). The activity in the mononuclear cell CM (MCCM) is 
here termed synovial activator (SA) activity. 

We report here the PBMC, when treated either with cell wall sonicate (CWS) 
material from several group A streptococcus strains or also with MDP, generate 
elevated levels of SA activity. The CWS are most likely acting via a monocyte- 
macrophage in the PBMC. Preliminary evidence indicates that SA activity is distinct 
from interferon-3,, interleukin 1 (IL-1), and interleukin 2 (IL-2). Thus, SA activity can 
be generated in vitro by structures which are both known to be arthritogenic in 
animals (7, 8) and to be also implicated in RA (2-5). 

Mate r ia l s  a n d  M e t h o d s  
Synovial Cell Culture. As previously described (11), synovial membrane tissue was obtained 

aseptically from the knees of normal patients, i.e., patients free of known rheumatoid or 
degenerative joint disease, needing correction of internal derangements, for example, by means 
of meniscectomy. Synovial tissue from the hips or knees of patients with degenerative joint 
disease was obtained during prosthetic joint replacements. Synovial cells from these sources 
have similar growth and biochemical parameters (17). The techniques used for the culture of 
human synovial fibroblast-like cells from explant tissue were essentially those of Castor et al. 
(t7) and have been outlined previously (11). The passaged cells are morphologically and 
biochemically similar to the fibroblast-like cells studied by Castor et al. (17). 

Preparation of Streptococcal CWS. The following group A streptococcal strains were obtained 
from The Rockefeller University collection: $43/100 (type 6), T12/126 (type 12), D678 (type 
11), and A995 (type 57). These were grouped and typed by the Lancefield method, and the cell 
walls isolated by methods previously described (18). CWS were prepared by the technique of 
Cromartie et al. (7), and were the materials used in the current study. The CWS were 
resuspended by vortex mixing in phosphate-buffered saline (PBS) (0.01 M phosphate buffer 
(pH 7.4), 0.15 M NaC1 [19]). MDP was obtained from Dr. D. Braun, Ciba-Geigy Ltd., Basel, 
Switzerland, and dissolved in PBS before use. 

Preparation of MCCM. For the preparation of MCCM, PBMC from citrate phosphate 
dextrose-treated venous blood of normal donors or from normal blood depleted of platelets, 
erythrocytes, and plasma were separated on Ficoll-Hypaque gradients (Pharmacia Fine Chem- 

2 ttamilton, J. A. Plasminogen activator activities of rheumatoid and non-rheumatoid synovia[ fibro- 
blasts. Manuscript submitted for publication. 
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icals, Div. of Pharmacia Inc., Piscataway, N J) (11). Varing numbers of the MC were cultured 
at 37°C in an atmosphere of 5% CO2 and 95% air in duplicate 35-mm Diam tissue culture 
dishes (3001, Falcon Labware, Oxnard, CA) usually for 24-48 h, either in 1 ml a-minimum 
essential medium '(a-MEM) alone or in the presence of various stimuli, particularly CWS 
preparations. MCCM were collected after centrifugation of the cells and stored at -20°C 
before assay of the SA activity. 

Measurement of SA Activity. The SA activity in MCCM preparations was measured as the 
ability to elevate the PA levels of target human synovial fibroblasts. For this purpose, the 
fibroblasts were plated at 104 cells/0.2 ml in 12sI-fibrin-coated wells of Costar 96-well tissue 
culture plates (3596; Costar, Data Packaging, Cambridge, MA), prepared as previously 
described (19). 2 After incubation for 24-96 h in a-MEM containing 7.5% heat-inactivated (60 
min, 56°C) fetal bovine serum (FBS) and 7.5% heat-inactivated newborn bovine serum, the 
cultures were washed twice with a-MEM and placed in a-MEM (100/~1) containing different 
MCCM preparations (40/~1) and supplemented with 5% of acid-treated FBS (ATFBS) (20) or 
5% P-depleted ATFBS (ATFBS-P) (21). P was removed from the FBS by passage through a 
Sepharose-lysine affinity column (21); this procedure has been shown to remove ~97% of the 
original concentration of P (20) and allows determination of the P dependence of the fibrinolytic 
activity. FBS was acidified (then neutralized) for this assay to remove inhibitors of fibrinolysis 
(20). Aliquots (40 p.l) of the supernatant medium were taken from duplicate cultures at 24 or 
48 h and assayed for solubilized radioactivity as a measure of fibrinolytie activity (11, 19). 

Data from individual experiments are provided. Range of variation from duplicate cultures 
is 10-15% of the mean value. Serial dilutions of MCCM preparations were always used to 
ensure that any fibrinolytic activity was on the linear range of a dose-response curve for SA 
activity. The fibrinolytic activities shown are the P-dependent values (i.e., PA activities) because 
the P-independent fibrinolytic activities never amounted to more than 10% of this value (11). 
The PA activities measured are not from the MCCM themselves but require the interaction 
between the MCCM and the synovial cells (11). 

Cell Separation 
ADHERENCE AND PHAGOCYTOSIS. PBMC were plated in 1 ml a-MEM + 10% FBS for 1.5 h 

at 37°C in 35-mm dishes. The nonadherent cells were removed aseptically by a pasteur pipette 
and resuspended (3 × [06/ml) in a at-MEM + 10% FBS containing excess carbonyl iron- 
lymphocyte reagent (Technicon Instruments Corp., Tarrytown, NY) to deplete them of residual 
phagocytic cells. For this purpose, the cells were rotated gently for 30 min at 37°C, the iron 
carbonyl removed by a magnet, and the cells washed in medium (22). The adherent cells were 
washed once with a-MEM before use, and any weakly adherent cells removed by this washing 
were discarded. The remaining adherent cells were _~95% monocyte-macrophages by morphol- 
ogy (Wright-Giemsa stain) and by the ability (~90%) to phagocytize latex particles (1-#m 
Diam, The Dow Chemical Co., Indianapolis, IN) (23). 

T-CELL AND B-CELL DEPLETION. PBMC were depleted of T lymphocytes by the commonly 
used method of E-rosette formation with neuraminidase-treated sheep erythrocytes followed by 
centrifugation (24). After shock lysis oferythrocytes with ammonium chloride, T cells were also 
recovered by a procedure previously described (24). PBMC were depleted of B lymphocytes by 
the widely used method involving immunoglobulin-coated sheep erythrocytes (25). This was 
carried out in the laboratory of Dr. N. Chiorazzi of The Rockefeller University. 

Lysozyme Assay. Lysozyme in the MCCM samples was assayed (26) by measuring the initial 
rate of lysis of a suspension of Micrococcus luteus (Difco Laboratories, Detroit, MI). Human 
lysozyme (Dr. E. Osserman, College of Physicians and Surgeons of Columbia University, New 
York), diluted in a-MEM or a-MEM + 5% FBS, was used as a standard. 

Interferon (IFN) Activity. IFN titrations were done based on inhibition of the pathogenic 
effect of vesicular stomatitis virus (27). All samples were tested on human fibroblasts trisomic 
for chromosome 21 and on bovine kidney cells. On every 96-well plate (Falcon 3040), a 
laboratory standard of human IFN-a calibrated against the National Institutes of Health 
standard for IFN-a (G-023-901-527) was assayed. The IFN levels of test samples were not 
adjusted to the IFN-a reference; however, the reference varied not more than 0.5 logl0 units in 
different titrations. The majority of the IFN activity produced by human leukocytes in response 
to staphylococcus enterotoxin B (SEB) in vitro has been classified as IFN-y (28). 
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IL-2 Assay. This was done by the method of Mier and Gallo (29), monitoring the ability of 
IL-2 to stimulate [3H]thymidine ([3H]TdR) incorporation into T lymphoblasts. 

Preparation and Purification ofIL-I Samples. Buffy coat cells were obtained after leukophoresis 
treatment of the peripheral blood of an acute myelomonocytic (AMML) patient (30). The CM 
was prepared from these cells cultured at 3 × 106/ml in 5% normal human serum for 48 h' in 
the presence of 10 /~g/ml Escherichia coli lipopolysaccharide (LPS) (strain 055:B5) (28). The 
biochemical properties of normal leukocyte IL-1 and leukemic cell IL-1 have been shown to be 
very similar (30). 

STAGE I PURIFICATION. IL-1 activity in the leukocyte CM can be efficiently and rapidly 
separated from the majority of serum proteins by the procedure of hollow-fiber diafiltration 
and uhrafihration (31). Briefly, IL-1 activity is separated from the serum proteins required for 
its preparation by passage twice through a 50,000-mol wt cut-off hollow fiber device. This 
procedure removes >99% of the initial protein and results in a recovery of 80% of the =13,000- 
mol wt IL-1 activity. 

STAGE n PURIFICATION. Sucrose gradient isoelectric focusing (IEF) was performed on the 
sample from Stage I (31). IEF fractions in the pH range 6.8-7.2 were pooled, diluted 10-fold 
with PBS, and dialyzed overnight to remove the remaining sucrose and ampholine. IEF of 
hollow-fiber-purified IL-1 from the AMML cell CM revealed a single peak of IL-I activity 
with an average isoelectric point of 7.0 (30). 

STAGE In PURIFICATION. The pooled stage III sample was further purified by semipreparative 
polyacrylamide gel electrophoresis in 7.5% gels as previously described (31). IL-l was recovered 
from the gel slices as a single peak of activity having an electrophoretic mobility at pH 8.60 of 
0.16 (tracking dye = 1.00). The recovered IL-1 activity has been estimated to be purified 
> 16,000-fold and has been judged to be active in submicrogram amounts. 

IL-1 Assay. IL-1 was measured in 10-/d samples as the direct stimulation of mouse 
thymocytes to incorporate [3H]TdR using the microassay previously published (31). All results 
are expressed as the average of triplicate cultures. The units of IL-1 activity have been described 
(31). That the activity is due to IL-1, and not IL-2, is always checked by assaying for IL-2 (see 
above): if no IL-2 is present, then the thymocyte assay is monitoring IL-I. 

Determination of the Properties of SA Activity. Pooled fractions with SA activity from a Sephadex 
G-100 column were dialyzed against 10 mM sodium phosphate, pH 7.4, lyophilized, and 
adjusted with H20 to l0 times the concentration. This concentrated sample was aliquoted and 
stored at -20°(2 before use. 

R e s u l t s  

Generation of SA Activity by Streptococcal Cell Wall Sonicates. It was recent ly  repor ted  
(11) that  concanava l in  A (Con A) elicits SA act ivi ty  from h u m a n  P B M C  in bo th  
serum-free and  FBS-con ta in ing  cultures.  Given tha t  s t reptococcal  cell wall  f ragments  

can be a r thr i togenic  in rats  (8), and  that  s t reptococci  could  belong to a class of  
possible et iologic agents  for R A  (2-5), group A streptococcal  cell wall  p repa ra t ions  
were tested as generators  of  SA act iv i ty  from PBMC.  In Fig. 1, it can be seen tha t  a 
sample  of  type  6 (T6) C W S  (1-100 #g /ml )  was act ive in bo th  serum-free and  FBS- 
con ta in ing  med ium.  

As presented  in Fig. 2, C W S  from three  o ther  group A s t reptococcal  strains,  namely  

type  12 (T12), type  11 (T11), and  type  57 (T57), were also active, the d a t a  presented  
be ing  for serum-free med ium.  In o ther  exper iments ,  the T6 and  T12 C W S  were found 
to have c o m p a r a b l e  ac t iv i ty  bo th  in terms of  the  effective doses and  the degree of  
s t imula t ion  a t ta ined .  None of  the C W S  elevated the  PA act iv i ty  of  the synovial  cells 
directly.  As can be observed in Fig. 2, adheren t  cells from the P M B C  were a source 
of  the SA act ivi ty;  a more  de ta i led  analysis  of  the cell types responsible for the SA 

act iv i ty  is p rov ided  below. For  the total  P B M C  and  for the adheren t  subpopu la t ion ,  
all of  the C W S  were s t imula to ry  over the a p p r o x i m a t e  range 1-100 ~g /ml .  
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FIo. 1. Dose response for T6 CWS generation of SA activity. Human synovial fibroblasts (2nd 
passage) from an osteoarthritie donor (B.S.) were plated in 12~I-fibrin coated wells, and the PA 
activity measured after 24 h in the presence of the different MCCM preparations (Materials and 
Methods). MCCM were prepared from 4 × 106 PBMC in 24-h cultures. MCCM prepared in ! ml 
c~-MEM (C)); MCCM prepared in 1 ml a-MEM + 5% FBS (Q). The doses o fT6  CSW shown are 
the final concentrations (/.tg/ml) in these MCCM cultures. The mean fibrinolytic activities in the 
wells containing t~-MEM, c~ + 5% FBS, or 30/zg/ml T6 CWS as controls were all 0.1%. 
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Fie. 2. Generation of SA activity by CWS of different group A streptococcal strains. Human 
synovial fibroblasts (5th passage) from an osteoarthritic donor (B.S.) were plated in msI-fibrin- 
coated wells, and the PA activity measured after 48 h in the presence of the different MCCM 
preparations (Materials and Methods). (a) T12 CWS; (b) T I I  CWS; (c) T57 CWS. MCCM 
prepared from 4 × 106 PBMC in 48-h cultures in 1 ml 0~-MEM ( ); MCCM prepared in the 
same way but from the adherent cells remaining after the 1.5-h adherence of 4 X 106 PBMC 
followed by washing twice with o~-MEM (- - -) (Materials and Methods). The doses depicted are 
the final concentrations (/.tg/ml) of the different CWS present in these MCCM cultures. The mean 
fibrinolytic activities in the wells containing a-MEM or 30/Zg/ml of each of the CWS materials as 
controls were 9%. 

Other stimuli for enhanced SA activity from PBMC (2-4 X 106 cells) in either 1 ml 
serum-free or in 5% FBS-containing medium include Con A (I-30/~g/ml [11], Miles- 
Yeda, Rehovot, Israel), phytohemagglutinin (0.1-1% vol/vol, Wellcome Reagents 
Ltd., Beckenham, England) and E. coli LPS (1 ng-10/zg/ml, strain 055:B5). 
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Generation of SA Activity by MDP. P r e v i o u s  r ep o r t s  h a v e  d e m o n s t r a t e d  t h a t  t h e  

effects  o f  b a c t e r i a l  cell  wa l l  p r e p a r a t i o n s  c a n  o f t e n  b e  r e p r o d u c e d  b y  m o l e c u l e s  o f  N- 

a c e t y l m u r a m i c  ac id  r e s idues  l i n k e d  to s m a l l  p e p t i d e  s t r u c t u r e s  (32, 33), w h i c h  a r e  

s i m i l a r  to  t h e  r e p e a t i n g  s t r u c t u r e s  t h a t  go to b u i l d  u p  t h e  p e p t i d o g l y c a n  s t r u c t u r e  (2). 

In  fact ,  M D P  has  b e e n  s h o w n  to b e  a r t h r i t o g e n i c  in  rats ,  p r o v i d e d  t h e  co r r ec t  oil 

veh ic l e  was  i n c l u d e d  d u r i n g  i n j e c t i o n  (9). In  Fig. 3, M D P  is seen  to b e  p o t e n t  (on  a 

w e i g h t  basis)  a t  g e n e r a t i n g  S A  a c t i v i t y  f r o m  a d h e r e n t  cells f r o m  P B M C  in t h e  t w o  
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FIG. 3. Dose response for MDP generation of SA activity. Human synovial fibroblasts were plated 
in 1251-fibrin-coated wells. For experiment 1, the cells were from a normal donor (S.O., 3rd passage), 
whereas for experiment 2, the cells were from an osteoarthritic donor (B.H., 6th passage). The PA 
activity was measured after 48 h in the presence of the different MCCM preparations (Materials 
and Methods). MCCM were prepared from 48-h cultures of the adherent cells remaining after the 
1.5-h adherence of 4 × 106 PBMC (Fig. 2). Data from the two separate experiments are provided: 
experiment 1, (©, O); experiment 2 (17, m). Open symbols indicate MCCM prepared in 1 ml a- 
MEM; closed symbols indicate MCCM in 1 ml a-MEM + 5% FBS. The doses of MDP shown are 
the final concentrations (ng/ml) in these MCCM cultures. The mean fibrinolytic activities in the 
wells containing a-MEM, a-MEM + 5% FBS, or 300 ng/ml MDP as controls were 0.5% for 
experiment 1 and 2% for experiment 2. 

FIc,. 4. Mononuclear cell number and SA activity. Human synovial fibroblasts (4th passage) from 
a normal donor (G.G.) were plated in ]2'~I-fibrin-coated wells, and the PA activity measured after 24 
h in the presence of the different MCCM preparations (Materials and Methods). Solid columns: 
MCCM prepared from different numbers of PBMC from 48 h cultures in a-MEM + 5~7,, FBS; 
stippled columns: MCCM prepared in the same way but in a-MEM + 5% FBS containing 30 #g/ 
ml T6 CWS (Materials and Methods). The mean fibrinolytic activities ill the wells containing 
media or 10 #g/ml T6 CWS as controls were 1% (- - ). 
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FIG. 5. Adherent cell generation of SA activity. Human synovial fibroblasts (6th passage) from an 
osteoarthritic donor (O.H.) were plated in t25I-fibrin-coated wells, and the PA activity measured 
after 24 h in the presence of the different MCCM preparations (Materials and Methods). "MC" 
refers to the total PBMC population and "nonadherent MC" refers to the nonadherent cells left 
after also removing phagocytic cells by the iron carbonyl treatment (Materials and Methods). The 
"cell number" in each case refers to the number of these cells plated to generate the SA activity. 
"MC for adherence" refers to the MC plated for the 1.5-h adherence step (Materials and Methods) 
and "cell number" in this case means the number of these cells plated to generate the adherent cells. 
Solid columns: CM from the various cell populations were prepared in a-MEM + 5% FBS from 24- 
h cultures. Hatched and stippled columns: CM were prepared in the same way but in a-MEM + 
5% FBS supplemented with 10 btg/ml TI2 CWS or T6 CWS, respectively (see Materials and 
Methods). The mean fibrinolytic activities in the wells containing media or 3/Lg/ml TI2 CWS or 
3/Lg/ml T6 CWS, as controls were all 0.2% (data not shown). Open columns: lysozyme was also 
measured in the CM prepared in a-MEM + 5% FBS; the values refer to the mean total enzyme 
activity in the duplicate cultures. 

s epa ra t e  expe r imen t s .  T h e  M D P  sample  was ac t ive  in b o t h  se rum-f ree  a n d  in FBS-  

c o n t a i n i n g  m e d i u m  even  at c o n c e n t r a t i o n s  as low as 0.1 n g / m l .  In t he  s a m e  exper i -  

ments ,  >1  # g / m l  T 6  C W S  was r e q u i r e d  to elicit  SA  ac t iv i ty ,  b u t  the  m a x i m u m  SA 

ac t iv i ty  tha t  cou ld  be  g e n e r a t e d  f rom o p t i m a l  c o n c e n t r a t i o n s  o f  M D P  a n d  T 6  C W S  

was s imi la r  (da ta  no t  shown) .  T h u s ,  the  a r t h r i t o g e n i c  M D P  s t ruc tu re  is also ac t i ve  in 

the  in v i t ro  m o d e l  sys tem u n d e r  s tudy.  

Cell Number and SA Activity. In  Fig. 4, t he  r e l a t i onsh ip  o f  P B M C  n u m b e r  to SA 

ac t iv i ty  resu l t ing  f rom T 6  C W S  ac t ion  is p lo t ted .  SA  ac t iv i ty  can  still be  de t ec t ed  

f rom 5 × 105/ml P B M C  a n d  is still i nc reas ing  at a cell  c o n c e n t r a t i o n  o f  4 X 106/ml 

a - M E M  + 5% FBS. A s imi la r  cell dose response  is ev iden t  in se rum-f ree  m e d i u m  or, 

i f  the  s t imu lus  is e i the r  1 /~g/ml  M D P  or  10 # g / m l  C o n  A, in se rum-f ree  or  in FBS-  

c o n t a i n i n g  m e d i u m  (da ta  not  shown).  

Cell Type and SA Activity. As m e n t i o n e d  a b o v e  (Figs. 2 a n d  3), a d h e r e n t  cells f rom 

P B M C  cou ld  elicit  SA  ac t i v i t y  in response  to s t rep tococca l  C W S  a n d  M D P .  Fig. 5 

shows m o r e  d a t a  in w h i c h  to ta l  P B M C ,  a d h e r e n t  cells, a n d  the  n o n a d h e r e n t ,  

n o n p h a g o c y t i c  (i.e., i ron ca rbony l - t r ea t ed )  p o p u l a t i o n s  (see M a t e r i a l s  a n d  M e t h o d s )  

a re  c o m p a r e d  as sources o f  SA ac t iv i ty  in response  to FBS,  T12  C W S ,  a n d  T 6  C W S  

in the  s a m e  e x p e r i m e n t .  T h e  n u m b e r  o f  a d h e r e n t  cells o b t a i n e d  by this p r o c e d u r e  is 

o f  the  o rde r  o f  10-20% of  the  to ta l  M C  p o p u l a t i o n .  As can  be  no ted ,  the  a d h e r e n t  cell 

p o p u l a t i o n  was the  most  ac t ive  on a per  cell  basis as a source  o f  SA act iv i ty .  As 

m o n o c y t e - m a c r o p h a g e s  are  the  p r e d o m i n a n t  cell type  present  in the  a d h e r e n t  cell 

cu l tu res  de r i ved  f rom the  P B M C ,  these d a t a  w o u l d  suggest  tha t  this cell class is 

respons ib le  for the  SA act iv i ty .  S u p p o r t i n g  this s t a t e m e n t  are  the  lysozyme  levels 

m o n i t o r e d  in the  var ious  C M  from the  F B S - c o n t a i n i n g  cul tures .  L y s o z y m e  is a 

m o n o c y t e - m a c r o p h a g e  p roduc t  (34) a n d  the  ac t ive  C M  for SA ac t iv i ty  are  genera l ly  



t tAMILTON, ZABRISKIE, LACHMAN, AND CHEN 1709 

those which arise from a cell population with the higher levels of lysozyme in the 
control (i.e., FBS) cultures. 

This type of experiment has been repeated with >20 donors. In several experiments, 
the nonadherent cells (even sometimes after subsequent phagocytosis of iron carbonyl) 
had appreciable SA activity, and this was particularly noticeable when Con A or 
PHA was the stimulus. However, when these same CM were assayed for lysozyme 
activity, then it was found that the most potent SA-containing CM had the most 
lysozyme. These data suggest that the number  of monocyte-macrophage-type cells 
present in a nonadherent population can be quite variable and in some cases can 
comprise an appreciable percentage of the original number. This observation has 
been made by others (35) and can depend on variables such as the PBMC donor and 
the serum used to attach the cells. For the adherent cells themselves, it is difficult to 
exclude the presence of a few contaminating, nonmonocyte, adherent cells that could 
be contributing to the SA levels. SA activity could also be elicited from T6 CWS- 
treated adherent cells after a 24-h adherence of PMBC (data not shown). 

As an alternative approach, PBMC were enriched for T lymphocytes (T +) and 
screened together with the T lymphocyte-depleted cells (T-). The data in Fig. 6 
demonstrate that T + cells were poor producers of SA activity, with the T -  cells being 
enriched for both SA and lysozyme activity. The adherent cells were again active 
both from the total PBMC (Fig. 6) and when obtained in turn from the T -  population 
(data not shown). In a separate experiment, if B lymphocytes were depleted directly 
from the PBMC (Materials and Methods), then no loss of SA activity with 5% FBS, 
T6 CWS, and Con A occurred on a per cell basis (data not shown). The results in Fig. 
6 are consistent with those of Fig. 5 and suggest that cells belonging to the monocyte- 
macrophage subclass can be directly responsible for the SA activity. 

Kinetics of SA Generation. The rate of appearance of the SA activity from adherent 
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Fro. 6. T cell depletion and SA activity. Human synovial fibroblasts (lst passage) from a normal 
donor (R.W.) were plated in 12'~I-fibrin coated wells, and the PA activity measured after 24 h in the 
presence of the different MCCM preparations (Materials and Methods). "MC" refers to the total 
PBMC population; as before, "MC for adherence" indicates MC plated for a 1.5-h adherence; 
" T - "  and "T +'' refer to T lymphocyte-depleted and -enriched populations, respectively (Materials 
and Methods). Solid columns: CM from the various cell populations were prepared in ot-MEM + 
5% FBS from 24-h cultures. Hatched and horizontal columns: CM were prepared in the same way 
but in a-MEM + 5% FBS supplemented with 10 ~g/ml TI2 CWS or 10 ~g/ml Con A, respectively 
(see Materials and Methods). The mean fibrinolytic activities in the wells containing media, 3 ,ug/ 
ml T12 CWS, or 3 #g/ml Con A as controls were ~7+7< (data not shown). Open columns: lysozyme 
was also measured in the CM prepared in a-MEM + 5+7, FBS: the values refer to the mean total 
enzyme activity in the duplicate cuhures. 
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cells in a - M E M  + 5% FBS in response to T6 CWS is presented in Fig. 7. Increased 
SA activity was easily detectable at 12 h, with plateau levels reached by 48 h. Similar 
kinetics were observed in a -MEM + 5% FBS and also with Con A (5/~g/ml) in a- 
MEM + 5% FBS. With some cultures, plateau levels were reached within 24 h. SA 
levels at earlier time points and monocyte-macrophage metabolic requirements for 
the formation of the SA activity are currently under study. 

Properties of SA Activity. In this section, preliminary data from experiments designed 
to characterize the SA activity are included. 

GEL CHROMATOGRAPHY. The SA activity in M C C M  prepared in a -MEM alone or 
in a - M E M  containing 5/~g/ml Con A was completely retained, and therefore could 
be concentrated by ultrafiltration with an Amicon UM-10 membrane (Amicon Corp., 
Scientific Systems Div., Lexington, MA). The concentrated CM from Con A-contain- 
ing cultures was then applied to a Sephadex G-100 column, and the SA activity 
appeared in the range of 28,000-34,000 mol wt. (Fig. 8). 

Seeing that both IL-1 and IL-2 have been found in the CM from PBMC (29, 31), 
the ability of the various fractions from this column to stimulate [3H]TdR incorpo- 
ration with mouse thymocyte cultures was monitored (see Materials and Methods). 
The main peak of thymocyte-stimulating activity was at ~20,000 tool wt and was 
clearly separate from the SA activity (data not shown, but see Fig. 9). The thymocyte 
assay does not distinguish between IL-1 and IL-2 (36). 

Several stimuli, such as antigens (37) and mitogens (38, 39), are able to act as 
inducers, from T lymphocytes and/or  macrophages, of a subclass of IFN known as 
IFN-y. Another potent inducer of IFN-y is SEB (28). In Fig. 9, the IFN-y and SA 
activity profiles after Sephadex G-100 chromatography for leukocyte CM prepared in 
the presence of FBS and SEB are provided. The SA activity is again in the range of 
25,000-34,000 mol wt with the molecular weight of the IFN-T being ~38,000-45,000 
(28). Thus the molecular weight range for the SA activity in serum-free medium (Fig. 
8) is similar to that in FBS-containing medium (Fig. 9). The fact that IFN- T is 
unstable (39), whereas SA is stable (see below) if stored overnight at pH 2 at 4°C, is 

28 

24 

2O 

4 

. . . . .  7 . . . . . . .  I . . . . . . .  ~ . . . . . .  
24 4B 72 
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Fie,. 7. Kinet ics  of  appea rance  of SA activity.  This  was the same exper iment  as in Fig. 4, wi th  the 
M C C M  being  harvested at  different t ime points  and  a cons tant  n u m b e r  of the same M C  popula t ion  
(4 × 10 ~) used to prepare  the CM.  M C C M  prepared  in 1 ml a - M E M  + 5% FBS (O); M C C M  
prepared  in the same way bu t  in 1 ml  a - M E M  + 5% FBS con ta in ing  30 ~ g / m l  T6  C W S  (O) 
(Mater ia ls  and  Methods) .  The  mean  f ibrinolytic act ivi t ies  in the wells con ta in ing  media  or 10 ~ g /  
ml T6  C W S  as controls were 1% (- - -). 
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FIC. 8. Purification of SA activity by gel chromatography. Human synovial fibroblasts (3rd 
passage) from an osteoarthritic donor (L.F.) were plated in 125I-fibrin coated wells, and the PA 
activity measured after 48 h in the presence of the different column fractions (40-/d) (see Materials 
and Methods). The cultures were also supplemented with 50/*g/ml gentamycin. The fractions for 
assay were obtained as follows. The 24-h serum-free CM (200 ml) prepared by stimulation of 4 × 
106 PBMC/ml with 5 #g/ml Con A (Materials and Methods) was concentrated at 4°C to 10 ml 
using an Amicon UM-10 ultrafiltration membrane. 8 ml of this concentrated sample was loaded 
onto a 2.6 cm × 78 cm Sephadex G-100 column equilibrated with 20 mM sodium phosphate buffer, 
0.15 M NaCI, pH 7.2. 7-ml fractious were collected every 45 rain; absorbance at 280 nm was 
recorded during the run. The absorbance was ~0.03 U near the void volume (fraction 18) and 
background values for the remaining fractions. Molecular weight standards were run consecutively 
under the same conditions (bovine serum albumin (BSA), 67,000; ovalbumin, (OVA) 43,000; 
chymotrypsinogen A (CHY), 25,000; cytochrome C (CYT), 12,500). Each fraction was assayed in 
duplicate; the linearity of the response for each fraction was checked by monitoring fourfold 
dilutions of the fractions. The mean fibrinolytic activities in the wells containing the column buffer 
and in the starting CM (diluted 1:20) as controls were 1.5% and 13%, respectively. 

consistent with this chromatographic  separation. The  effect of the SEB on the 

generat ion of SA activity has not yet been studied, and  the SA activity present in the 

experiment  may have been due to s t imulat ion by the FBS. 

The  IL-2 activity profile was also monitored,  with the ma in  activity at ~ 18,000- 

25,000 mol wt, and  again being del ineated from the peak of SA activity (Fig. 9). In 

support  of this pre l iminary  biochemical  distinction, it is perhaps worth no t ing  that 

h u m a n  IL-2 is generally considered to be a T lymphocyte  product  (40) a l though 

monocyte-macrophages  appear  to regulate its product ion (41). 

SA ACTIVITY IN PURIFIED IL-l. IL-1 from monocytes has been implicated as a 

s t imulator  of the collagenase levels of adherent  h u m a n  rheumato id  synovial cells (42, 

43). Also, LPS-treated adherent  cells release IL-1 into the C M  (44). We have found 

as well that the adherent  cells release IL-1 in response to T12 CWS (data not shown). 

However, h u m a n  IL-1 has a molecular  weight of ~13,000 by gel chromatography 

(31). This  would suggest that  SA and  IL-1 were distinct entities. In  Tab le  I, the SA 

activities of IL-1 preparat ions  of different degrees of puri ty  are compared.  It is 

apparen t  that  as the specific activity of the IL- 1-containing samples increased (Stage 

I to Stage III) their SA activity declined, with the most highly purified IL-1 tested 
(Stage III) hav ing  only weak SA activity. 

STABILITY OF THE SA ACTIVITY. The  pooled and  concentra ted peak of SA activity 
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FIG. 9. Separation of SA activity from IFN-y and IL-2 activities by gel chromatography. H u m a n  
synovial fibroblasts (6th passage) from an osteoarthritic donor (E.P.) were plated in l~sI-fibrin 
coated wells, and the PA activity measured after a/8 h in the presence of the different column 
fractions as in Fig. 8. The  fractions for SA assay were obtained as follows. IFN-y-containing CM 
was prepared by culturing peripheral blood [eukocytes at I X 10 a cells/ml RPMI  + 2% FBS for 72 
h in the presence of 0.02 #g /ml  SEB (28). The  CM was partially purified by chromatography on 
controlled-pore glass and IFN-y containing fractions pooled and lyophilised (28, 39). The  sample 
(5 ml) was then applied to a Sephadex G-100 column (2.6 cm X 50 cm) equilibrated with 20 m M  
sodium phosphate, 0.15 M NaCI, pH 7 2; 5 ml fractions were collected at a flow rate of 5 min/ml .  
Absorbance at 280 nm was recorded during the run. The  molecular weight standards were as in Fig. 
8. The  mean fibrinolytic activity in the wells containing the column buffer as control was 4.2%. 
IFN- 7 and IL2 activities were quanti tated as in Materials a~d Methods. 

TABLE I 
SA Activity m 1L-I Samples of Different Degrees of Purity 

Degree of purification of IL- 1 sample IL- 1 activity Fibrinolysis 
added 

\ 

(1 % 

Stage I 0.8 8 
(10-50,000-mol wt fraction) 3.2 1"7 

Stage II 1.0 5 
(IEF-purified) 4.0 7 

Stage III 0.9 3 
(PAGE purified) 3.6 5 

Buffer (PBS) - -  3 

H u m a n  synovial fibroblasts (6th passage), from an osteoarthritic donor (LF.), 
were plated in 12'~I-fibrin-coated wells (Materials and Methods). After 48 h, 
the cultures were washed twice with a -MEM and placed in a -MEM + 5% 
ATFBS containing two concentrations of each of the three different IL-1 
preparations (Materials and Methods). Aliquots of  the supernatant  medium 
were removed from the duplicate cultures at 24 h and assayed for solubilized 
radioactivity as a measure of the fihrinolytic activity. 
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from the Sephadex G-100 column (Fig. 8) (see Materials and Methods) was used for 
the following tests: 

(a) Temperature and pH. The SA activity was stable at 4°C and 37°C for 24 h, 
only partially destroyed by 70°C after 1 h and boiling for 2 rain, but completely 
destroyed by boiling for 10 min. In addition, there was only slight loss of activity after 
three cycles of freezing at - 7 0 ° C  and thawing. No loss of SA activity was observed at 
pH 2-10 overnight at 4°C. 

(b) 2-Mercaptoethanol. SA activity was retained after incubation for 10 rain at 
37°C with 0.1 M 2-mercaptoethanol, followed by dialysis. 

(c) Enzyme treatment. After incubation with trypsin (Trypsin-TPCK, Worthing- 
ton Biochemical Corp., Freehold, NJ) (100/~g/ml, 0.1 M Tris, pH 8.1) for 1 h at 
37°C, ~70% of the SA activity remained, whereas for a-chymotrypsin (Sigma 
Chemical Co., St. Louis, MO) (1 mg/ml,  0.1 M Tris, pH 8.1) only ~25% of the 
activity was left. SA does not seem to be a serine protease, as phenylmethylsulfonyl 
fluoride did not block its activity (11). The activity was stable after treatment with 
neuraminidase (0.1 U/ml ,  1 M acetate buffer, pH 5.0) for 1 h at 37°C. These 
treatments suggest that the SA activity is protein in nature without functionally 
important sialic acid residues although, of course, the sialic acid residues may be 
inaccessible to the neuraminidase action. More recent results indicate that the SA 
activity does not bind to a Con A-Sepharose affinity column (data not shown). 

Discussion 

In a previous publication (11), it was found that PBMC, particularly after Con A 
treatment, liberated an activity that increased the PA activity of passaged, nonrheu- 
matoid human synovial fibroblasts. We have demonstrated above that MDP and 
CWS preparations from group A streptococci are capable of eliciting the SA activity. 
There are other in vitro systems (see below) that study the MC modulation ofsynovial 
cell function as models for RA, but this is the first report in which an arthritogenic 
agent (and one that has been implicated in human disease [2-5]) has been shown to 
potentiate the MC effect. 

It should be noted, however, that with a few PBMC populations, almost maximum 
SA activity was achieved in the absence of any exogenous stimulus. FBS (> 1%), even 
though having inhibitors that can block the PA activity during assay (20), is generally 
stimulatory by itself (Fig. 1), and in some cases very little increase above the FBS 
value is attained with any of the agents tested. In other words, dramatic increases can 
be obtained in most cases with CWS, Con A, and PHA, but sometimes the serum-free 
or FBS-containing control cultures can also have significant activity. As mentioned, 
LPS is stimulatory and could be present in some of the sample solutions being tested 
for stimulatory activity (44); however, this does not seem to be generally the case, as 
preincubation at room temperature for 3 h of the CWS, Con A, PHA, and FBS stock 
solutions with 50/xg/ml polymyxin B (4:4) did not reverse their effects, although it 
successfully reversed the LPS effect for doses of LPS ~100 ng/mi. 

Although culture conditions were made as reproducible as possible in the present 
study, different synovial fibroblast lines at various passage numbers were used as 
target cells for the monitoring of the SA activity. This approach permits an evaluation 
to be made of the extent of the variation in the system due to nature of the synovial 
donor; however, it should also be borne in mind that the PA activities from other cell 
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types have been demonstrated to be under the control of a number of variables, 
including serum growth rate and cell density (45). Some of these variables have 
recently been discussed with particular reference to human synovial fibroblast lines, z 
For these reasons, the absolute PA activities should not be compared between different 
experiments, but rather the relative activities within an experiment considered. 

As mentioned in Results, the data are consistent with the monocyte-macrophage 
cell class being the cells responsible for SA activity. In addition, several workers have 
strong evidence that both streptococcal peptidoglycans and MDP can act directly on 
monocyte-macrophages to alter both cellular function and product formation (for 
example see refs. 46-48). However, a few residual lymphocytes could be contributing 
to the SA levels, and there might also be some cellular interactions between lympho- 
cyte and macrophages. These questions might best be answered by enrichment and 
depletion of cell populations with monoclonal antibodies specific for PBMC subpop- 
ulations, which could enable a more definitive separation of the responsible cell types. 

The observation that MDP could generate SA activity suggests that it is the active 
principle in the CWS, a finding consistent with previous studies on the biological 
properties of streptococcal and other bacterial cell wall preparations (32, 33). This 
result would suggest that phagocytosis might not be the primary trigger for SA 
generation by the CWS samples, but rather that there might be a critical interaction 
of the peptidoglycan moiety with the monocyte-macrophage membrane. In this 
regard, it has been found that readily phagocytized latex particles (1-~m Diam) were 
poor stimulators of SA activity (unpublished observations) and, as mentioned above, 
there were several active agents, namely PHA, Con A, and LPS, which were 
presumably functioning independently of a phagocytic mechanism. 

Other preliminary results have shown that streptococcal membrane preparations 
(obtained as in ref. 49) are as active, on a direct-weight basis, as the corresponding 
CWS preparation in releasing SA activity from the PBMC (unpublished observations). 
Because the bacterial membrane samples contain very low amounts of peptidoglycan 
(49), other bacterial components can be stimulatory besides the peptidoglycan moiety. 
However, the importance of the CWS stimulation may be in the observation that it 
is these structures and not the membrane that cause experimental arthritis (7). The 
difference in biological activity may be due to the known persistence (nonbiodegrad- 
ability) of cell walls (6, 7) when compared with membranes. Current studies are 
directed towards determining both the range of streptococcal groups and other 
bacterial strains that are active in the system. 

On the basis of biochemical data, it has been proposed that the mononuclear cell 
factor, which elevates the latent collagenase activity of rheumatoid cell cultures, is 
identical to IL-1 (42, 43); the preliminary biochemical evidence above indicates that 
SA activity(ies) is distinct from IL-1, IL-2, and IFN-y. The molecular weight estimate 
from gel chromatography (~30,000) may be, of course, the result of aggregation or 
association with contaminant proteins; dissociating conditions may yield a lower 
value. Also,, it cannot be assumed that the SA activity(ies) prepared under different 
culture conditions and with different stimuli will always have identical biochemical 
properties. The SA would seem to be different also from connective tissue activating 
peptide I, which is extracted from human spleen cells (50). This molecule stimulates 
hyaluronic acid production from human synovial fibroblasts but by Sephadex G-100 
chromatography has a molecular weight of ~ 15,000 (50). But again, more detailed 
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biochemical analysis is necessary before the nonidentity can be stated with certainty, 
particularly as crude MCCM also stimulate hyaluronic acid levels (data not shown). 

We would like to suggest that the in vitro human model system described in the 
present paper has several features consistent with those of the rat arthritis model 
established by intraperitoneal injection of group A streptococci CWS (7, 8). Histologic 
features of this arthritis included an acute exudative phase followed by an erosive 
synovitis that led to destruction of cartilage and subchondral bone, and fibrous 
ankylosis of the joints. The responsible moiety seemed to be a peptidoglycan-polysac- 
charide fragment of the cell well that persisted in tissue, with much of this material 
localized within macrophages (7, 8). We have shown above that group A streptococcal 
CWS interact with monocyte-macrophages to elicit an activity capable of stimulating 
synovial cells to elaborate, in turn, a protease system (PA/plasmin) capable of 
contributing to some of the invasive, destructive, and inflammatory processes in an 
arthritic joint (see introduction). Seeing that high PA activity often results after 
oncogenic transformation of fibroblasts (20), it was proposed previously (11) that the 
mononuclear cell-mediated change in the synovial cell metabolism is consistent with 
some of the morphological descriptions of the pannus as "tumor-like" (51, 52) and 
also "aggressive and, in a sense, malignant," (53). It is not our intention to minimize 
the possible direct role of inflammatory cells themselves in the destructive and 
inflammatory events in the RA joint, but we propose that the modified synovial 
fibroblast cell could also be important (see also refs. 23, 52). 

It would seem imperative in future studies to search for the presence of the SA 
activity in rheumatoid fluids, in CM from tissue, and also in animal model systems as 
a test of the relevance of the above proposal to disease. Future work will also examine 
the possible involvement of lymphocyte-macrophage interaction in the elicitation of 
SA activity, particularly as such an interaction involving streptococcal cell wall 
antigen presentation might be relevant to an understanding of the likely genetic 
component of RA (54). 

S u m m a r y  

Group A streptococcal peptidoglycan has previously been shown to be arthritogenic 
in rats and has been implicated as a structure present in a class of possible etiologic 
agents for rheumatoid arthritis. The present study reports that conditioned medium 
from human monocytes, after interaction with cell wall sonicates of four group A 
streptococcal strains, stimulates the plasminogen activator (PA) activity of nonrheu- 
matoid synovial fibroblasts. Low concentrations of N-acetylmuramyl-L-alanyl-D iso- 
glutamine (muramyl dipeptide) can also generate this synovial activator (SA) activity 
from human monocytes. Preliminary biochemical data suggest that the SA activity is 
distinct from interferon-y, interleukin 1, and interleukin 2. These results indicate that 
agents that are arthritogenic in rats can modulate human synovial fibroblast functions 
via monocytes. The findings are proposed to have possible significance for an 
understanding of the cellular interactions involved in the formation and function of 
the rheumatoid pannus, because PA has been invoked as possibly being generally 
important for the processes of cell migration, tissue remodeling, and inflammation. 

It is a pleasure to acknowledge the excellent technical assistance of A. Bootes, E. James, and S. 
Page. Dr. P. Phillips and K Anderson, Hospital for Special Surgery, New York, and Dr. M. 



1716 STREPTOCOCCAL CELL WALLS AND SYNOVIAL CELL ACTIVATION 

Carter, Lenox Hill Hospital, New York, are thanked for the supply of synovial tissue. We would 
also like to acknowledge Dr. W. E. Stewart II and Dr. M. Wiranowska-Stewart, Memorial 
Sloan-Kettering Cancer Center, New York, for the antiviral assays, and Ms. J. Dew, Department 
of Medicine, University of Melbourne for excellent typing. Dr. D. Braun, Ciba-Geigy Ltd., 
Basel, Switzerland is thanked for the MDP sample. 

Received for publication 5January 1982 and in revised form 22 February 1982. 

R e f e r e n c e s  

1. Hadler, N. M. 1976. A pathogenic model for erosive synovitis. Lessons from animal 
arthritides. Arthritis Rheum. 19:256. 

2. Bennett, J. C. 1978. The infectious etiology of rheumatoid arthritis. New considerations. 
Arthritis Rheum. 21:531. 

3. Heymer, B., K. H. Schleifer, S. E. Read, J. B. Zabriskie, and R. M. Krause. 1976. Detection 
of antibodies to bacterial cell wall peptidoglycan in human sera. J. ImmunoL 117:23. 

4. Pope, R. M., J. E. Rutstein, D. C. Straus, and D. Change. 1979. Antibodies to the 
immunodominant portion of streptococcal mucopeptide (pentapeptide) in patients with 
rheumatic disorders. Arthritis Rheum. 22:648 (Abstr.). 

5. Braun, D. G., and S. E. Holm. 1970. Streptococcal anti-group A precipitin in sera from 
patients with rheumatoid arthritis and acute glomerulonephritis. Int. Arch. Allergy AppL 
Immunol. 37:216. 

6. Schwab, J. H., W. J. Cromartie, S. H. Ohanian, and J. G. Craddock. 1967. Association of 
experimental chronic arthritis and the persistence of group A streptococcal cell walls in the 
articular tissues..]. BacterioL 94:1728. 

7. Cromartie, W. J., J. G. Craddock, J. H. Schwab, S. K. Anderle, and C.-H. Yang. 1977. 
Arthritis in rats after systemic injection of streptococcal cells or cell walls. J. Exp. Med. 
146:1585. 

8. Dalldorf, F. G., W. J. Cromartie, S. K. Anderle, R. L. Clark, and J. H. Schwab. 1980. The 
relation of experimental arthritis to the distribution of streptococcal cell wall fragments. 
Amer. J. PathoL 100:383. 

9. Kohashi, O., A. Tanaka, S. Kotani, T. Shiba, S. Kusumoto, K Yokagawa, S. Kawata, and 
A. Ozawa. 1980. Arthritis-inducing ability of a synthetic adjuvant, N-acetylmuramyl 
peptides, and bacterial disaccharide peptides related to different oil vehicles and their 
composition. Infect. Immun. 29:40. 

10. Werb, Z., M. D. Mainardi, C. A. Vater, and E. D. Harris, Jr. 1977. Endogenous activation 
of latent collagenase by rheumatoid synovial cells. N. EngL J. Med. 296:1017. 

11. Hamilton, J. A., and J. Slywka. 1981. Stimulation of human synovial fibroblast plasmin- 
ogen activator production by mononuc]ear cell supernatants. J. ImmunoL 126:851. 

12. Beers, W. H. 1975. Follicular plasminogen and plasminogen activator and the effect of 
plasmin on ovarian follicle wall. Cell 6:379. 

13. Lack, C. H., and H.J .  Rogers. 1958. Action ofplasmin on cartilage. Nature (Lond.). 182:948. 
14. Ratnoff, A. P., and P. B. Naff. 1967. The conversion of C' ls  to C'I  esterase by plasmin and 

trypsin.J. Exp. Med. 125:337. 
15. Cochrane, C. G., S. D. Revak, and K. D. Wuepper. 1973. Activation of Hageman factor in 

solid and fluid phases. A critical role of kallikrein.J. Exp. Med. 138:1564. 
16. Kaplan, A. P., and K. F. Austen. 1971. A prealbumin activator of prekallikrein. II. 

Derivation of activators of prekallikrein from active Hageman factor by digestion with 
plasmin.J. Exp. Med. 133:696. 

17. Castor, C. W., E. L. Dorstewitz, K. Rowe, and J. C. Ritchie. 1971. Abnormalities of 
connective tissue cells cultured from patients with rheumatoid arthritis. II. Defective 
regulation of hyaluronate and collagen formation. J. Lab. Clin. Med. 77:65. 



HAMILTON, ZABRISKIE, LACHMAN, AND CHEN 1717 

18. Read, S. E., V. A. Fischetti, V. Utermohlen, R. E. Falk, andJ .  B. Zabriskie. 1974. Cellular 
reactivity studies to streptococcal antigens. Migration inhibition studies in patients with 
streptococcal infections and rheumatic fever. J. Chn. Invest. 54:439. 

19. Vassalli, J.-D., J. A. Hamilton, and E. Reich. 1976. Macrophage plasminogen activator: 
modulation of enzyme production by anti-infiammatory steroids, mitotic inhibitors and 
cyclic nucleotides. Cell. 8:271. 

20. Ossowski, L., J. P. Q uigley, and E. Reich. 1974. Fibrinolysis associated with oncogenic 
transformation. Morphological correlates. J.  Biol. Chem. 269"4312. 

21. Quigley, J. P., L. Ossowski, and E. Reich. 1974. Plasminogen, the serum proenzyme 
activated by factors from cells transformed by oncogenic viruses. J.  Biol. Chem. 249;4306. 

22. Shah, R. G., L. H. Caporale, and M. A. S. Moore. 1977. Characterization of colony- 
stimulating activity produced by human monocytes and phytohemagglutinin-stimulated 
lymphocytes. Blood. 50"811. 

23. Dayer, J.-M., J. Breard, L. Chess, and S. M. Krane. 1979. Participation of monocyte- 
macrophages and lymphocytes in the production of a factor that stimulates collagenase 
and prostaglandin release by rheumatoid synovial cells..]. Clin. Invest. 64:1386. 

24. Hoffman, T., and H. G. Kunkel. 1976. The E rosette test. In In vitro methods in cell 
mediated and tumor immunity, B. R. Bloom and J. R. David, editors. Academic Press 
Inc., New York. 71-81. 

25. Gottlieb, A. B., S. M. Fu, D. T. Y. Yu, C. Y. Wang, J. P. Halber, and H. G. Kunkeh 1979. 
The nature of the stimulator cell in human allogeneic and autologous MLC reactions: 
Role of isolated IgM-bearing B cells. J.  Immunol. 123:1497. 

26. Parry, R. M., Jr., R. C. Chandau, and K. M. Shaham. 1965. A rapid and sensitive assay 
of muraminidase. Proc. Soc. Exp. Biol. Med. 119"384. 

27. Stewart II, W. E. 1979. The Interferon System. Springer-Verlag (Vienna). 
28. von Wussow, P., Y. S. Chen, M. Wiranowska-Stewart, and W. E. Stewart II. 1981. 

Induction of human gamma interferon in lymphoid cells by staphylococcus enterotoxin B; 
partial purification. J. Interferon Res. In press. 

29. Mier, J. W., and R. C. Gallo. 1980. Purification and some characteristics of human T-cell 
growth factor from phytohemoagglutinin-stimulated lymphocyte-conditioned media. Proc. 
Natl. Acad. Sci. U. S. A. 77:6134. 

30. Lachman, L. B., J. O. Moore, and R. S. Metzgar. 1978. Preparation and characterization 
of lymphocyte activating factor (LAF) from acute monocyte and myelomonocytic leukemia 
cells. Cell. Immunol. 41-" 199. 

31. Lachman, L. B., S. O. Page, and R. S. Metzgar. 1980. Purification of human interleukin 
I .J.  Supramol. Struct. 13-'457. 

32. Ellouz, F., A. Adam, R. Ciorbaru, and E. Lederer. 1974. Minimal structural requirements 
for adjuvant activity of bacterial peptidoglycan derivatives. Biochem. Biophys. Res. Commun. 
59,1317. 

33. Emori, K., and A. Tanaka. 1978. Granuloma formation by synthetic bacterial cell wall 
fragment: muramyl dipeptide. Infec. Immun. 19:613. 

34. Gordon, S., J. Todd, and Z. A. Cohn. 1974. In vitro synthesis and secretion of lysozyme by 
mononuelear phagocytes. J. Exp. Med. 139:1228. 

35. Stewart, C. C., and N. Warner. 1981. Identification of human peripheral blood mononu- 
clear cell populations by flow cytometry. Abstracts of the Eighteenth National Meeting of 
the Reticuloendothelial Society. 16a. 

36. Lachman, L. B., F. W. George IV, and R. S. Metzgar. 1981. Human interleukin 1 and 2: 
purification and characterization. Prog. Cancer Res. Ther. 20:21. 

37. Green, J. A., S. R. Cooperband, and S. Kibrick. 1969. Immunespecific induction of 
interferon production in cultures of human blood lymphocytes. Sciences (Wash. D. C.). 
164" 1415. 



1718 STREPTOCOCCAL CELL WALLS AND SYNOV1AL CELL ACTIVATION 

38. Wheelock, E. F. 1965. Interferon-like virus inhibitor induced in human leukocytes by 
phytohemagglutinin. Science (Wash. D. C.). 149:310. 

39. Wiranowska-Stewart, M. L. S. Lin, I. A. Braude, and W. E.Stewart II. 1980. Production, 
partial purification and characterization of human and murine interferon-type II. Mol. 
Immunol. 17:625. 

40. Ruseetti, F., and R. C. Gallo. 1980. Regulation of the production and release of human T 
cell growth factor.J. Supramol. Biol. 13:39. 

41. Smith, K. A. 1980. T-cell growth factor. Immunol. Rev. 51:337. 
42. Mizel, S. B., J.-M. Dayer, S. M. Krane, and S. E Mergenhagen. 1981. Stimulation of 

rheumatoid synovial collagenase and prostaglandin production by partially purified lym- 
phocyte activating factor (interleukin-1). Proc. Natl. Acad. Sci. U. S. A. 78:2474. 

43. Dayer, J.-M., M. L. Stephenson, E. Schmidt, W. Karge, and S. M. Krane. 1981. Purification 
of a factor from human blood monocyte-macrophages which stimulates the production of 
collagenase and prostaglandin E2 by cells cultured from rheumatoid synovial tissues. FEBS 
(Fed. Fur. Biochem. Soc.) Lett. 124:253. 

44. Lachman, L. B. Beneficial Effects of Endotoxins. A. Nowotny, editor. Plenum Publishing 
Corp., New York. In press. 

45. Wilson, E. L., and E. Dowdle. 1978. Secretion of plasminogen activator by normal, reactive 
and neoplastic human tissues cultured in vitro. Int. J. Cancer. 22:390. 

46. Page, R. C., P. Davies, and A. C. Allison. 1974. Participation of mononuclear phagocytes 
in chronic inflammatory diseases. J. Reticuloendothel. 15:413. 

47. Wall, S. M., L. M. Wahl, J. B. McCarthy, L. Chedid, and S. E. Mergenhagen. 1979. 
Macrophage activation by mycobacterial water soluble compounds and synthetic muramyl 
dipeptide.J.  Immunol. 122:2226. 

48. Oppenheim, J. J., A. Togawa, L. Chedid, and S. Mizel. 1980. Components of mycobacteria 
and muramyl dipeptide with adjuvant activity induce lymphocyte activating factor. Cell 
Immunol. 50:71. 

49. Zabriskie, J. B., and E. H. Freimer. 1966. Immunological relationship between the group 
A streptococcus and mammalian muscle.J. Exp. Med. 124:661. 

50. Castor, C. W., and R. B. Lewis. 1975. Connective tissue activation. Current studies of the 
process and its mediators. Scand. J. Rheumatol. 5(Suppl. 12):41. 

51. Lindner, J. 1975. In Organic Manifestations and Complications in Rheumatoid Arthritis. 
Syrup. Med. Hoechst. t1:15. 

52. Fassbender, H. G., M. Simmling-Annefeld, and E. Stofft. 1980. Transformation der 
synovialzellen bei rheumatoiden arthritis. Verb. Dtsch. Ges. Pathol. 64" 193. 

53. Harris, E. D., Jr. 1976. Recent insights into the pathogenesis of the proliferative lesion in 
rheumatoid arthritis. Arthritis Rheum. 19:68. 

54. McDevitt, J. Ir genes, Ia antigens, the immune response and disease susceptibility. Harvey 
Lect. In press. 



 

Minerva Access is the Institutional Repository of The University of Melbourne

 

 

Author/s: 

HAMILTON, JA; ZABRISKIE, JB; LACHMAN, LB; CHEN, YS

 

Title: 

STREPTOCOCCAL CELL-WALLS AND SYNOVIAL CELL ACTIVATION - STIMULATION

OF SYNOVIAL FIBROBLAST PLASMINOGEN-ACTIVATOR ACTIVITY BY MONOCYTES

TREATED WITH GROUP-A STREPTOCOCCAL CELL-WALL SONICATES AND MURAMYL

DIPEPTIDE

 

Date: 

1982-01-01

 

Citation: 

HAMILTON, J. A., ZABRISKIE, J. B., LACHMAN, L. B.  &  CHEN, Y. S. (1982).

STREPTOCOCCAL CELL-WALLS AND SYNOVIAL CELL ACTIVATION - STIMULATION

OF SYNOVIAL FIBROBLAST PLASMINOGEN-ACTIVATOR ACTIVITY BY MONOCYTES

TREATED WITH GROUP-A STREPTOCOCCAL CELL-WALL SONICATES AND MURAMYL

DIPEPTIDE. JOURNAL OF EXPERIMENTAL MEDICINE, 155 (6), pp.1702-1718.

https://doi.org/10.1084/jem.155.6.1702.

 

Persistent Link: 

http://hdl.handle.net/11343/261549

 

File Description:

Published version

License: 

CC BY-NC-SA


