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Abstract 

Endothelin- 1 exerts a wide range of biological actions besides its characteristic vasoconstrictor function. The potential participation of 
endothelin-I in rheumatic diseases has hardly been explored. We have studied the possible role of endothelin-I as a modulator of 
extracellular matrix turnover in cultured rabbit synoviocytes. In relation to basal levels, endothelin-1 increased the mRNA levels of 
collagen I and fibronectin at 24 h (130+9% and 132_+ 18%, respectively), but did not modify the expression of decorin core 
proteoglycan. Endothelin-I also decreased proteoglycan metabolism (about 50% of proteoglycan synthesis inhibition and 270 + 32% of 
degradation rate vs. basal, P < 0.05 in both cases) and enhanced total collagen (1.5 + 0.5 vs. 0.8 _+ 0.2 /xg hydroxyproline//~g DNA in 
basal, P < 0.05) and fibronectin protein synthesis (157 _ 14% of [35S]methionine incorporation vs. basal, P < 0.05). The endothelin ET A 
receptor antagonist BQ-123 (Cyclo D-trp-D-asp-pro-D-val-leu) displaced [~25I]endothelin-1 binding and inhibited endothelin-I effects on 
extracellular matrix components. The cell incubation with indomethacin totally reversed the endothelin-I effect. These data suggest that 
endothelin-I may be an important mediator of the pathogenesis of joint damage, disturbing the extracellular synovial matrix turnover 
through the endothelin ET A receptors. 
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1. Introduct ion  

Endothelins are a family of 21-amino acid vasoactive 
peptides found in three distinct isoforms: endothelin-l, 
endothelin-2 and endothelin-3 (Inoue et al., 1989). En- 
dothelin-1 is produced by a variety of  cells, including 
endothelial  cells, vascular  smooth muscle  cells, 
macrophages, glomerular mesangial cells and transformed 
cell lines from several human tumor explants (Simonson, 
1993). Besides its characteristic vasoactive properties, en- 
dothelin-I exerts a wide range of  biological actions 
(Simonson, 1993; Egido, 1996). Endothelin-1 stimulates in 
vitro proliferation of several types of  cells (Simonson, 
1993). Furthermore, endothelin-1 elicits fibronectin syn- 
thesis by cultured rat aorta cells and mesangial cells (Hahn 
et al., 1993; Ruiz-Ortega et al., 1993). A dose-dependent 
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increase in the synthesis of total proteins and collagen by 
fibroblasts has also been reported (Kahaleh, 1991). 

Modifications in extracellular matrix turnover are com- 
mon features in the pathogenesis of rheumatoid arthritis. 
Patients with this disease have an increase in collagen 
synthesis in the synovium (Gay et al., 1980; Qu et al., 
1993) and an accumulation of  fragments of  fibronectin and 
proteoglycans in the synovial fluid (Homandberg et al., 
1993; Lohmander et al., 1993). Endothelin- 1 -like immuno- 
reactivity has been found in plasma and joint effusions of 
patients with rheumatoid arthritis (Nahir et al,, 1991). 
High-affinity binding sites for endothelin-I have been 
demonstrated in normal and rheumatoid synovium 
(Miyasaka et al., 1992; Wharton et al., 1992). Neverthe- 
less, the potential participation of endothelin- 1 in rheumatic 
diseases has hardly been explored. 

We have studied the effects of  endothelin-1 on the 
expression and synthesis of collagen, fibronectin and pro- 
teoglycans in cultured rabbit synovial cells. We provide 
data suggesting that endothelin-1 may be an important 
mediator of  the pathogenesis of joint damage. 
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2. Materials and methods 

2.1. Synocial cell culture 

Synovial tissue was obtained aseptically from healthy 
New Zealand rabbits as previously described (Fraser and 
Catt, 1961). Synovial cells were cultured and characterized 
as recently reported in detail (Gutierrez et al., 1995). Cells 
used for experiments had undergone two passages after 
initial seeding and were placed on Petri culture plates 
(Costar, Cambridge, MA, USA) for matrix protein expres- 
sion experiments, in 24-well culture plates (Nunc, Roskilde. 
Denmark) for endothelin-1 binding and protein synthesis 
studies and in 96-well microtiter plates (Nunc) for glyco- 
saminoglycan synthesis and degradation assays. Prior to all 
experiments, the cells were maintained for 48 h in RPMI 
1640 medium (Gibco BRL, Paisley, Scotland, UK) con- 
taining 0.5% of fetal calf serum (BioWhittaker, Walk- 
ersville, MA, USA) to reach a steady state. 

2.2. Assays of [ 1:51]endothelin-I binding to svnol'ial cells 

Competitive displacement experiments were performed 
as described previously (Roubert et al., 1989). Briefly, 
confluent synoviocytes were incubated for 2 h at 37°C 
with 250 pM of [r25 I]endothelin- 1 (2000 Ci/mmol,  Amer- 
sham, Buckinghamshire, UK) in the absence or presence 
of increasing doses of unlabeled endothelin-I (10 ~2-10-6 
M) (Peninsula Lab., Merseyside, England, UK) or BQ-123 
(10-12-10 5 M) (cyclo D-trp-D-asp-pro-D-val-leu. Neosys- 
tern, Strasbourg, France). Specific binding was defined as 
total binding minus non-specific binding in the presence of 
10 s M unlabeled peptide. EDs0 and K a values were 
determined by computer-assisted non-linear regression, us- 
ing INPLOT version 3.1 software (GraphPAD Software, 
San Diego, CA, USA). 

2.3. RNA extraction and Northern blot analysis 

Subconfluent synoviocytes in culture were stimulated 
with l0 s M endothelin-I for 24 h. Subsequently, total 
RNA extraction, electrophoresis (15 /xg/lane), hybridiza- 
tion and autoradiography were performed essentially as 
described by Chomczynski and Sacchi (1987). Plasmids 
pFH154, pH667 and CSPGI (American Type Culture Col- 
lection, Rockville, MD, USA) encoding the genes for 
fibronectin, collagen I and the core of the chondroitin 
sulfate proteoglycan decorin (PG-40, Krusius and Ru- 
oslahti, 1986), respectively, were prepared as described 
previously (Maniatis et al., 1989) and labeled by nick 
translation (Boehringer Mannheim, Indianapolis, IN, USA), 
with [32p]dCTP (DuPont, New England Nuclear Corp., 
Boston, MA, USA). The relative signal of the bands was 
evaluated by laser densitometry (IQ Molecular Dynamics, 
Sunnyvalley, CA, USA) and normalized by 28 S expres- 
sion in each blot. The results were expressed as percent- 

ages of RNA expression vs. basal (considered as 100% of 
RNA expression). 

2.4. Proteoglycan turnocer 

Synthesis and degradation of total proteoglycans in 
cultured synovial cells were measured based upon sodium 
[3~S]sulfate (1 #Ci /ml ,  DuPont)incorporation or release 
rate in glycosaminoglycan chains, as previously reported 
(Kato et al., 1980). In synthesis experiments, confluent 
quiescent synovial cells were incubated with the stimuli in 
medium containing 0.5c# fetal calf serum and sodium 
[35S]sulfate for 24 h. In degradation experiments, the cells 
were preincubated for 24 h in labeled medium, washed and 
incubated with the stimuli in fresh medium for another 24 
h. In both eases, supernatants were collected, cold 0.1 M 
NaOH was added and neutralized with equal volumes of 
0.1 N HC1. Polysaccharides were precipitated by addition 
of 1% cetylpyridinium chloride, collected on a Millipore 
filter disc ( ~  25 ram. 0.45 /.tin pore size. Millipore Corp. 
Bedford, MA. USA) washed with 0.3 M NaCI to remove 
unincorporated radioactivity. The retained radioactivity was 
counted in a /3-counter. The results were expressed as 
percentages of sulfate incorporation (synthesis) or release 
(degradation) vs. basal values (considered as 100%). To 
assess the absence of variations in cell number in these 
experiments, synoviocytes were tested with methylene blue 
proliferation assays, as previously described (Oliver et al.. 
1989). 

2.5. Colhtgen synthesis 

Total collagen synthesis was measured based upon the 
hydroxyproline content of supernatant and cell fractions of 
stimulated synoviocytes, as previously described (Campa 
et al., 1990). Subconfluent synovial cells were incubated 
for 24 h with 10 s M endothelin-I in RPMI 1640 medium 
containing 0.5% of fetal calf serum. 50 /xg/ml ascorbic 
acid and 0.2 mM proline. After incubation, proteins were 
precipitated by addition of ethanol, hydrolyzed, decol- 
orized with charcoal before filtration and derivatized as 
described (Campa et al., 1990). Samples were chromato- 
graphed using a Waters 600 E single pump gradient sys- 
tem with a C-18 reverse-phase cartridge column with an 
acetonitrile gradient. Detection was achieved by monitor- 
ing absorbance at 495 nm. Hydroxyproline content was 
determined by extrapolation from a standard curve and 
normalized by the concentration of DNA measured by a 
DNA-dependent fluorescence enhancement assay (Adams 
and Storrie, 1981). The results were expressed as /_tg 
hydroxyproline/htg DNA. 

2.6. Fibronectin synthesis 

Subconfluent synovial cells were incubated for 24 h 
with the stimuli in RPMI 1640 medium without methio- 
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nine (Gibco)  supplemented  with 0.5c/~ fetal cal f  serum and 

100 / x C i / m l  of  [35S]methionine (DuPont) .  Af ter  incuba- 

tion, supernatants were col lec ted  and subsequent  immuno-  

precipitation, e lect rophores is  and autoradiography proce-  

dures were per formed as descr ibed (Takasaki  et al.. 1991), 

employ ing  a polyclonal  goat ant i -human f ibronect in anti- 

body (Seralab.  Sussex,  England,  UK).  Laser  dens i tometry  

was used to quant ify the relat ive signal intensity of  the 

bands. The results were normal ized  by the concentra t ion of  

D N A  in each well ,  as descr ibed above,  and expressed as 

percentages of  [~SS]methionine incorporat ion vs. basal 

(considered as 10(Y~ of  [~SS]methionine incorporation).  

A 1 .  2 .  

A. Fibronectin ~ i 
7 . 5  K b  

B. Collagen I eO 

C. ChS PG40 
1.8 Kb 

D. 28 S 
4 . 4 K b  :;~'~ 

2.7. Statistical a n a l y s i s  

The data are expressed as means  + S.E.M. The Mann-  

Whi tney two-sample  test was emp loyed  to compare  groups. 

A value of  P < 0.05 was considered as significant.  

3.  R e s u l t s  

] - ~  

3.1. / l /Endothelm-I binding to svm)cial cells. Effect o f  
B Q- 123 

Compet i t ive  d isp lacement  exper iments  were  per formed 

to test for the exis tence of  specific binding of  endothel in-  I 

to cultured rabbit synovial  cells  (Fig. IA). The  250 pM 

[ 125 I]endothelin- 1 binding was inhibited by increasing con- 

centrat ions of  unlabeled peptide (10 - ~ 3 - 1 0  ~' M endothe-  

lin-1). The recorded K d value was 0.65 nM. similar  to that 

obtained in previous  exper iments  with synovial  cel ls  and 

tissue (Miyasaka  et al., 1992: Whar ton  et al., 1992) and 

other  cell types (Rouber t  et al., 1989). As shown in Fig. 

lB,  comple te  d isp lacement  of  labeled endothelin-1 was 

obtained with the specific endothel in  ET, ~ receptor  antago- 

nist BQ-123 (EDs.  o f  7.0 × 10 s M). Therefore ,  10 -6 M 

150 -~ 

k 

100 

5O 

% of RNA expression 

] 
0 _ _ r  / 

Basal FN Col I ChS 

Fig. 2. Northern-blot analysis of cxtracellular matrix proteins expression 
modulated by endothelin-l. Rabbit synovial ceils in cuhure were stimu- 
lated with 10 s M endothelin-I for 24 h. Total RNA was cxmtcted and 
hybridized with the appropriate eDNA probes. The relative signals of the 
bands ;,,ere evaluated by laser densitometry aud the results were related 
to 28S expression. Panel A: reprcsentati\c Northern blot analysis of 
endothelin-mediated induction of  extracelhdur matrix components expres- 
sion in ~,5noviocytes. l,ane 1: basal. Lane 2:10 ~' M endothelin-I (ET-I). 
A: fibronectin (FN) expression. B: type I collagen (Col I) expression. C: 
chondroitm sulfate core proteoglycan exprcssiou (ChS PG40). D: 28 S 
expression. Panel B: representation of lhc relative \ariations of FN. Col [ 
and ChS expression. The resuhs ',,,'ere expressed as percentages of RNA 
expression x s. basal. 
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Fig. I. Competitive displacement of endothelin-1 binding to rabbit sy- 
novial cells in culture. Two-passaged synoviocytes, seeded at a density of 
1.5X 104 cells per well. were incubated tk~r 2 h at 37°C in medium 
supplemented with 250 pM [~'~I]endothelin-I in the presence of increas- 
ing doses of (A) unlabeled endothelin-I lET-I) (10 -I-" -10 ~ M) (n = 4 
experiments performed in duplicate) or (B) BQ-123 (10 12 10 ~ M) (a 
representatixe experiment performed in triplicate). Figures show the 
inhibition of bound radioactixity in the presence of competing ligand. 

BQ-123 was considered as the appropriate concentra t ion 

for inhibit ion exper iments .  

3.2. Effect of" endothelin-I on clumdroitin core proteo~ly- 
call mRNA expression aim o11 proteog/ycan tlll'llOt'er 

The small  chondroi t in  sulfate proteoglycan,  decorin,  is 

one of  the major  sulfated products  of  fibroblasts and is 

abundant  in the extracel lular  matrix of  connec t ive  tissues 

(Krusius and Ruoslahti ,  1986: Ruoslahti ,  1989). The R N A  

extracted f rom synovial  cells  was hybridized with the 

chondroi t in  sulfate core proteoglycan probe. No significant  

d i f ferences  in m R N A  expression at 24 h were observed 

with I 0 -  s M endothel in-  1-stimulated cells  respect to basal 

values (0.4625 vs. 0.4670 densi tometr ic  arbitrary units in 

basals, n = 2) (Fig. 2A,B).  

The effect  of  endothel in  - 1 on total pro teoglycan syn- 

thesis in synoviocytes  was evaluated  from the sodium 
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[35S]sulfate incorporation rate into glycosaminoglycan 
chains. As shown in Fig. 3A, there was a decrease in total 
glycosaminoglycan synthesis on stimulation of synovio- 
cytes with increasing doses of endothelin-1 at 24 h, with a 
maximal response at 10 -8 M endothelin-1 (53 + 14% of 
[35S]sulfate uptake vs. basal, P < 0.05, n = 4). Total 
glycosaminoglycan synthesis was already inhibited at 48 
and 72 h of 10 -8 M endothelin-1 exposure (Table 1). 
Parallel experiments were performed to determine the rate 
of proteoglycan degradation caused by endothelin-I in 

synovial cells. The total glycosaminoglycan degradation 
process was increased at 24 and 48 h of incubation with 
10 -8 M endothelin-I (Table 1). As expected, the maximal 
response was observed at 10 -8 M endothelin-I (271 + 32% 
of [35S]sulfate release vs. basal, P < 0.0001, n = 4) at 24 
h of incubation (Fig. 3B). In no case significant variations 
in cell number were noted in the methylene blue prolifera- 
tion assays. It was found in both synthesis and degradation 
studies that radioactivity appeared in supernatant fractions, 
indicating that synovial proteoglycans are released into the 
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Fig. 3. Proteoglycan turnover in cultured rabbit synovial cells. Proteoglycan turnover was measured based upon sodium [35S]sulfate uptake or release by 
synovial cells incubated with increasing doses of endothelin-I (ET-1) for 24 h. Panel A: representation of proteoglycan synthesis. Panel B: representation 
of proteoglycan degradation. In both cases, the effect of incubation of the cells with 10 -6 M BQ-123 lor 1 h prior to the addition of 10 -8 M endothelin-1 
was also considered. Results are expressed as mean percentages of sodium [35S]sulfate uptake or release vs. basal values of 4 experiments performed in 
quadruplicate. The absolute values of basal [35S]sulfate uptake or release at 24 h were 9568 + 1694 dpm and 659 _+ 228 dpm, respectively ( * P < 0.05, 
• * P < 0.005, # P < 0.05 vs. endothelin- I value). 
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medium. These results are in agreement with those ob- 
served with other cell types, where most of the proteogly- 
cans (85%) were secreted (Bassols and Massagu6, 1988: 
Bustos et al., 1995). 

Preincubation of synoviocytes with the endothelin 
ETA-specific receptor antagonist BQ-123 (10 -6 M), for 1 
h totally blocked the endothelin-1 effect on proteoglycan 
synthesis (104 _+ 1% of [ 35 S]sulfate incorporation with BQ 
+ endothelin-I vs. basal, P < 0.05 vs. endothelin-I value, 
n = 4, Fig. 3A) and reduced the endothelin-1 action on the 
degradative process (53% of inhibition of endothelin-I 
action, P < 0.005 vs. endothelin-I value, n = 4, Fig. 3B). 

Endothelin-I stimulates prostaglandin E 2 synthesis in 
different cell types (Badr et al., 1989; Barnett et al., 1994; 
Suzuki et al., 1992; Tatrai et al., 1992). To assess the 
possible involvement of cyclooxygenase derivates in en- 
dothelin-I effects on proteoglycan synthesis, synoviocytes 
were incubated for 1 h with 10 6 M indomethacin prior to 
the addition of 10 8 M endothelin-l. The presence of 
indomethacin in the medium totally reversed the effect 
observed with endothelin-1 alone (101 ___ 17% of 
[~SS]sulfate incorporation with endothelin-I + indo- 
methacin vs. basal, P < 0.05 vs. endothelin-1 value, n = 3). 

3.3. Effect of endothelin-I on ~,pe I collagen and fi- 
bronectin expression and both protein synthesis in svnot,ial 
cells 

The amount of type I collagen and fibronectin expres- 
sion in untreated and endothelin-l-treated rabbit synovial 
cells was determined by hybridization of extracted total 
RNA with the appropriate cDNA probes. Densitometric 
scanning revealed maximal expression with 10 8 M e n -  

Table I 
Effect of endothelin-1 (ET-I)  on proteoglycan metabolism in cultured 
rabbit synovial cells. 

Time c~ of proteoglycan synthesis c/c of proteoglycan degradation 

20c/, FCS 10 - s  MET-1 20% FCS 10 - s  MET-1 

24h  171_+21 ~' 5 3 + 1 4  ' 7 1 + 1 0  '~ 271 + 3 2  b 
4 8 h  211_+49 '~ 5 6 + 1 5  ~ 67-t- l l  ~ 211+__25 2 
72 h 156 _+ I 0 " 60 + 13 '~ ND ND 

Quiescent synoviocytes were incubated in medium containing 0.5% of 
fetal calf serum (FCS). In synthesis experiments, 1 /xCi /ml  sodium 
[:~SS]sulfate was added to fresh medium with or without stimuli and was 
present througout. For degradation studies, cells were incubated with 1 
/xCi /ml  [35S]sulfate for 24 h and the labeled medium was removed prior 
to the addition of the stimuli. The results are means_+S.E,M, of 3 -5  
separate experiments performed at least in triplicate, and are expressed as 
percentages of [~SS]sulfate incorporation (proteoglycan synthesis) or re- 
lease (proteoglycan degradation) into glycosaminoglycan chains vs. basal 
values considered as 100%. The absolute basal values from proteoglycan 
synthesis studies were 9568 + 1694 dpm, 9157 _+ 1713 dpm and 8417 ___ 266 
dpm at 24, 48 and 72 h of incubation, respectively. These values for 
proteoglycan degradation studies were 659 +_ 228 dpm and 376_+ 95 dpm 
at 24 and 48 h of incubation, respectively (~ P < 0.05, b p < 0.005, ND: 
not determined). 

1. 2. 3. 4. 

a °  

b .  iiill 

Fig. 4. Fibronectin synthesis by cultured rabbit synovial cells stimulated 
with endothelin-1. Synovial cells were incubated with 10 - s  M endothe- 
lin-I (ET-I)  for 24 h in the presence of [35S]methionine. The figure 
shows a representative autoradiography of fibronectin synthesis in: a. 
supernatants: b, cell fractions. Lane 1: basal. Lane 2: fetal calf serum 
(FCS) 20c~. Lane 3 : 1 0  - s  M ET-1. Lane 4 : 1 0  s M E T - 1 + 1 0  6 M 

BQ-123. 

dothelin-I at 24 h of incubation, with a 130 +_ 9% and 
132 _+ 18% of increase in type I collagen and fibronectin 
mRNA vs. basal values, respectively ( P  < 0.05. n = 4-5)  
(Fig. 2A,B). 

Protein synthesis studies showed that 10 ~ M endothe- 
lin-l elicited a two-fold increase in total collagen synthesis 
at 24 h (1.5 ___ 0.5 vs. 0.8 ___ 0.2 /zg hydroxyproline//xg 
DNA in basal, P <0.05.  n = 4). Enhancement of fi- 
bronectin synthesis was also detected (157+_14% of 
[35S]methionine incorporation 
Preincubation of cells with 10- 6 
a reduction in the endothelin-1 
near basal levels (Fig. 4). 

rate, P < 0 . 0 5 ,  n = 5 ) .  
M BQ-123 for 1 h caused 
effect observed, reaching 

The effect of cyclooxygenase inhibition was also tested 
by addition of 10 -6 M indomethacin in cultures for 1 h 
prior to the stimulation with endothelin-l. Under these 
conditions we observed an 18-fold increase in collagen 
synthesis (62 ktg hydroxyproline//xg DNA with indo- 
methacin + endothelin-I vs. 3.4 /~g hydroxyproline//zg 
DNA in basal + indomethacin). 

4. Discussion 

The present study demonstrated that endothelin-I binds 
specifically to cultured rabbit synoviocytes and modifies 
the metabolism of the extracellular matrix components in a 
dual manner. It induces the loss of proteoglycans and 
increases the expression and synthesis of collagen and 
fibronectin. The involvement of cyclooxygenase derivates 
as mediators of these effects is also proposed. 

During the inflammatory-proliferative phase of rheuma- 
toid arthritis, synovial tissue is characterized by the deposi- 
tion of collagens, increased fibronectin synthesis and accu- 
mulation of proteoglycan and fibronectin fragments in 
synovial fluid (Homandberg et al., 1993; Lohmander et al.. 
1993; Tatrai et al., 1992). Recent studies have shown that, 
in patients with inflammatory arthritis, the endothelin- l-like 
immunoreactivity is elevated in synovial fluid several-fold 
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higher than in plasma (Miyasaka et al., 1992: Nahir et al., 
1991). The existence of an endothelin ETa-type receptor 
with high affinity for endothelin-I and endothelin-2 and 
low affinity for endothelin-3, has also been reported in 
normal, osteoarthritic and rheumatoid human synovium 
(Miyasaka et al., 1992; Wharton et al., 1992). Based upon 
these data, a role of endothelin-1 in joint damage might be 
hypothesized. 

The term proteoglycans covers a heterogeneous group 
of macromolecular conjugates composed of sulfated 
glycosaminoglycan chains covalently linked to a protein 
core. These glycosylated proteins are abundant in cartilage, 
bone and interstitial tissue matrix where they play impor- 
tant structural roles (Massagu& 1991). Moreover, proteo- 
glycans are involved in cell adhesion, migration and prolif- 
eration and interact with various components of the extra- 
cellular matrix such as collagens and fibronectin (Wight et 
al., 1992). Several reports have indicated that in inflamma- 
tory conditions there is a depletion of cartilage proteogly- 
cans, probably mediated by cytokines such as interleukin 1 
and tumor necrosis lhctor (Ikebe et al., 1988). We show for 
the first time that the incubation of synovial cells with 
increasing doses of endothelin-I caused a marked diminu- 
tion of proteoglycans in cultured synoviocytes through the 
combined effect of reduced synthesis and enhanced degra- 
dation of glycosaminoglycans. A similar action has been 
described recently for interleukin 1 on cartilage proteogly- 
can metabolism in a model of experimental arthritis in 
mice (Van de Loo et al., 1995). Decorin is one of the most 
widely distributed chondroitin sulfate proteoglycans in 
connective tissue matrix (Worrall et al., 1994). This pro- 
teoglycan is synthesized by fibroblasts and belongs to the 
group of secreted proteoglycans (Jackson et al., 1991). 
Northern blot studies revealed no significant variation of 
chondroitin sulfate core proteoglycan expression in syn- 
oviocytes at 24 h of incubation with endothelin-l. The 
results obtained are comparable with those observed in the 
study of Van den Born et al. (1993) where, in several 
glomerular diseases, no variations were detected in hep- 
aran sulfate proteoglycan core immunostaining while the 
heparan sulfate side-chain immunostaining was decreased. 

In inflammatory processes an increase in the expression 
and synthesis of extracellular matrix proteins, probably in 
an attempt to repair processes at early stages of the alter- 
ations, has been demonstrated (Mainardi, 1993). Increased 
expression of type I collagen in synovial tissue associated 
to proliferative situations was observed in articular damage 
(Qu et al., 1993). Moreover, an enhanced accumulation of 
fibronectin has been observed in the inflamed synovium of 
patients with rheumatoid arthritis, in parallel with an in- 
crease of fibronectin fragments in synovial fluid (Homand- 
berg et al., 1993). The stimulation of synoviocytes with 
endothelin-I for 24 h showed an enhancement in both type 
I collagen and fibronectin mRNA expression. Analysis of 
total collagen and fibronectin synthesis also demonstrated 
a significant increase in the synthesis of both proteins in 

respect to basal values when cells were incubated with 
endothelin-1. These results showed similar trends to the 
results obtained with endothelin-I stimulation in different 
cells (Kahaleh, 1991: Hahn et al., 1993; Ruiz-Ortega et al.. 
1993). 

Based upon previous reports that indicate that endothe- 
lin-I binds specifically to human synovium through en- 
dothelin ETx receptors (Miyasaka et al.. 1992: Wharton et 
al., 1992), and considering the results obtained in the 
endothelin-1 binding assays described, the analysis of" en- 
dothelin-I receptors was focused on the inhibition of the 
endothelin-1 effect with the endothelin ET, x receptor antag- 
onist. BQ-123. The complete inhibition of endothelin-I 
binding to synovial cells, and the abolition of endothelin-1 
effects on the extracellular matrix by BQ-123 suggest that 
the endothelin-I actions are specifically mediated through 
the endothelin ET, x receptors. 

Several studies indicate that the endothelin-I action is 
mediated by its binding to specific G protein-coupled 
receptors which can activate multiple types of effectors, 
such as phospholipase C and phospholipase A ~ (Simonson, 
1993). The incubation of synoviocytes with indomethacin 
prior to the addition of endothelin-I blocked the endothe- 
lin-1 effect on proteoglycans and enhanced total collagen 
synthesis. These data could indicate that the synthesis of 
extracellular matrix components is facilitated by the block- 
age of endothelin-l-stimulated cyclooxygenase derivates 
production, such as prostaglandin E, or thromboxane A~ 
(Suzuki et al., 1992: Tatrai et al., 1992: Studer et al., 
1994). 

The presence of endothelin-I in rheumatoid synovial 
fluid (Nahir et al., 1991), its augmented production caused 
by inflammatory mediators, such as transforming growth 
factor /3, interleukin-I and tumor necrosis lector (Ohta et 
al., 1990), and the results described in the present paper, 
suggest that endothelin-I must be considered as another 
inflammatory mediator involved in the pathogenesis of 
joint damage. 

Acknowledgements 

We would like to thank Dr. J.L. Sarasa tot immunohis- 
tochemical identification of synovial cells, R. de Nicolfis 
for technical and L. Gulliksen for secretarial assistance. 
Supported by a grant from Fondo de lnvestigaci6n de la 
Seguridad Social (91/158), Ministerio de Educaci6n y 
Ciencia (PM 92/0042, PB 94/0211) and Fundaci6n lfiigo 
Alvarez de Toledo. S. Gutierrez, I. Palacios and D. 
G6mez-Garre are fellows from Fundaci6n Conchita 
Rfibago. 

References 

Adams, C.J. and B. Storrie. 1981. A simple DNA-dependent lluorescence 
enhancement assay ik~r cell number. J, Histochcm. Cytochem. 29. 326. 



S. Gutierre- et al. / European Journal ~[" Pharmacology 302 (1996) 191-197 197 

Badr, K.F., J.J. Murray, M.D. Bryer, K. Takahashi, T. Inagami and R.C. 
Harris, 1989, Mesangial cell, glomerular, and renal vascular responses 
to endothelin in the kidney, J. Clin. Invest. 83, 336. 

Barnett, R.L., L. Ruffini, D. Hart. P. Mancuso and E.P. Nord, 1994. 
Mechanism of endothelin activation of phospholipase A2 in rat renal 
medullary interstitial cells, Am. J. Physiol. 266, F46. 

Bassols. A. and J. Massagu~, 1988, Transforming growth factor /3 
regulates the expression and structure of extracellular matrix chon- 
droitin/dermatan sulfate proteoglycans, J. Biol Chem. 263. 3039. 

Bustos, C., S. Gonzfilez-Cuadrado, M. Ruiz-Ortega, C. G6mez-Guerrero, 
E. Gonzfilez, J.J. Plaza and J. Egido, 1995, Cyclosporin A (CsA) 
modulates the glomerular production of inflammatory mediators and 
proteoglycans in experimental nephrosis, Clin. Exp. lmmunol. 102, 
6O8. 

Campa, J.S.. R.J. McAnulty and G.J. Laurent, 1990, Application of 
High-pressure liquid chromatography to studies of collagen produc- 
tion by isolated cells in culture. Anal. Biochem. 186, 257. 

Chomczynski, P. and N. Sacchi, 1987, Single-step method of RNA 
isolation by acid guanidium thiocyanate-phenol-chloroform extrac- 
tion. Anal. Biochem. 162, 156. 

Egido, J., 1996, Vasoactive hormones and renal sclerosis, Kidney Int. 49. 
578. 

Fraser, J.R.E. and K.J. Cart, 1961, Human synovial cell culture: use of a 
new method in a study of Rheumatoid Arthritis, Lancet ii, 1437. 

Gay, S., R.E. Gay and E.J. Miller. 1980. The collagens of the joint, 
Arthritis Rheum. 23. 937. 

Gutierrez, S., 1. Palacios. J. Egido. P. Zarco, R. Miguelez, E. Gonzfilez 
and G. Hcrrero-Beaumont, 1995, IL-I/3 and IL-6 stimulate the pro- 
duction of platelet-activating factor (PAF) by cultured rabbit synovial 
cells, Clin. Exp. lmmuno[. 99. 364. 

Hahn, A.W.A.. S. Regenass. F. Kern, F.R. Biihler and T.J. Resink, 1993. 
Expression of soluble and insoluble fibronectin in rat aorta: effects of 
angiolensin II and endothelin-I. Biochem. Biophys. Res. Commun. 
192. 189. 

Homandberg. G.A., R. Meyers and J.M. Williams, 1993, Intraarticular 
injection of fibronectin fragments causes severe depletion of cartilage 
proteoglycans in vivo. J. Rheumatol. 20, 1378. 

lkebe, T., M. Hirata and T. Koga, 1988, Effects of human tumor necrosis 
faetor-o~ and interleukin 1 on glycosaminoglycan and DNA in cul- 
tured rat costal chondrocytes, J. lmmunol. 140, 827. 

lnoue, A., M. Yanagisawa, S. Kimura, Y. Kasua, T. Miyauchi, K. Goto 
and T. Masaki, 1989. The human endothelin family: three structurally 
and pharmacologically distnct isopeptides predicted by three sepa- 
rated genes, Proc. Natl. Acad. Sci. 86, 2863. 

Jackson R.L., S.J. Busch and A.D. Cardin, 1991, Glycosaminoglycans: 
molecular properties, protein interactions, and role in physiological 
processes. Physiol. Rev. 71. 481. 

Kahaleh. M.B., 1991, Endothelin, an endothelial-dependent vasocon- 
strictor in scleroderma. Enhanced production and profibrotic action, 
Arthritis Rheum. 34, 978. 

Kato, Y., Y. Nomura, Y. Daikuhara. N. Nasu, M. Tsuji, A. Asada and F. 
Suzuki, 1980, Cartilage-derived factor (CDF). I. Stimulation of pro- 
teoglycan synthesis in rat and rabbit costal chondrocytes in culture, 
Exp. Cell Rcs. 130, 73. 

Krusius, T. and E. Ruoslahti, 1986, Primary structure of an extracellular 
matrix proleoglycan core protein deduced from cloned cDNA, Proc. 
Natl. Acad, Sci. USA 83, 7683. 

Lohmander, L.S., L.A, Hoerrner and M.W. Lark, 1993. Metallopro- 
teinases, tissue inhibitor, and proteoglycan fragments in knee synovial 
fluid in human osteoarthritis, Arthritis Rheum. 36, 181. 

Mainardi, C.L,, 1993, Fibroblast function and fibrosis, in: Textbook of 
Rheumatology, ed. W.N. Kelley, E.D. Harris, S. Ruddy and C.B. 
Sledge (W,B. Saunders Co.) p.337. 

Maniatis, F., E.F. Frish and J. Sambrook, 1989, Molecular Cloning. A 
Laboratory Manual (Cold Spring Harbor Laboratory Press, Cold 
Spring Harbor, NY). 

Massagu6, J, 1991, A helping hand from proteoglycans. Current Biol. 1, 
117. 

Miyasaka, N.. Y. Hirata, K. Ando. K. Sato, H. Morita, M. Shichiri, K. 
Kanno, K. Tomita and F. Marumo, 1992, Increased production of 
endothelin-1 in patients with inflammatory arthritides, Arthritis 
Rheum. 35, 397. 

Nahir, A.M., A. Hoffman, M. Lorber and H.R. Keiser. 1991, Presence of 
immunoreactive endothelin in synovial fluid: analysis of 22 cases. J. 
Rheumatol. 18, 678. 

Ohta, K.. Y. Hirata, T. lmai, K. Kanno, T. Emori, M. Shichiri and F. 
Marumo, 1990, Cytokine-induced release of endothelin-1 from porcine 
renal epithelial cell line. Biochem. Biophys. Res. Commun. 169, 578. 

Oliver, M.H.. N.K. Harrison, J.E. Bishop, P.J. Cole and G.J. Laurent. 
1989, A rapid and convenient assay for counting cells cultured in 
microwell plates: application for assessment of growth factors, J. Cell 
Sci. 92. 513. 

Qu, Z.. C. Hernandez Garcia, L.M. O'Rourke. S.R. Plank, M. Kohli and 
J.T. Rosenbaum, 1993, Local proliferation of fibroblast-like synovio- 
cytes contributes to synovial hyperplasia. Arthritis Rheum. 2, 212. 

Roubert, P.. V. Gillard, P. Plas. J. Guillon, P. Chabrier and P. Braquet, 
1989. Angiotensin II and phorbol-esters down-regulate endothelin 
(ET-I) binding sites in vascular smooth muscle cells, Biochem. 
Biophys. Res. Commun. 164, 809. 

Ruiz-Ortega, M., D. G6mez-Garre, I. Palacios. C. Bustos, S. Gonztilez, E. 
Gonzfilez and J. Egido, 1993, Effect of angiotensin II and endothelin 
on matrix protein synthesis by cultured mesangiat cells. A compli- 
cated network of interactions, J. Am. Soc. Neph. 4. 664(A). 

Ruoslahti, E., 1989, Proteoglycans in cell regulation, J. Biol. Chem. 264, 
13369. 

Simonson. M.S.. 1993, Endothelins: muhifunctional renal peptides, Phys- 
iol. Re','. 73, 375. 

Studer. R.K.. Craven, P.A. and F.R. DeRubertis, 1994, Tromboxane 
stimulation of mesangial cell fibronectin synthesis is signalled by 
protein kinase C and modulated by cGMP, Kidney Int. 46, 1074. 

Suzuki. S., A. Suzuki, J. Kajikuri and T. ltoh, 1992, Endothelin-l-in- 
duced prostaglandin E2 production: modulation of contractile re- 
sponse to endothelin-1 in porcine coronary artery, Eur. J. Pharmacol. 
217, 97. 

Takasaki, 1., A.V. Chobanian and P, Brecher, 1991, Biosynthesis of 
fibronectins by rabbit aorta, J. Biol. Chem. 266, 17686. 

Tatrai, A., S. Foster. P. Lakatos, G. Shankar and P. Stern, 1992, 
Endothelin-1 actions on resorption, collagen and non collagen synthe- 
sis, and phosphatidylinositol turnover in hone organ cultures, En- 
docrinology 13 I, 603. 

Van de Loo. F.A.J., L.A.B. Joosten. P.L.E.M. Van Lent, O.J. Arntz and 
W.B. Van den Berg, 1995, Role of interleukin-I, tumor necrosis 
factor o~. and interleukin-6 in cartilage proteoglycan metabolism and 
destruction, Arthritis Rheum. 2, 164. 

Van den Born. J.. L.P.W.J. Van den Heuvel, M.A.H. Bakker, J.H. 
Veerkamp, K.J.M. Assmann, J.J. Weening J.J. and J.H.M. Berden, 
1993, Distribution of GMB heparan sulfate proteoglycan core protein 
and side chains in human glomerular diseases, Kidney Int. 43, 454. 

Wharton, J., R.A.D. Rutherford. D.A. Walsh, P.l. Mapp, G.A. Knock, 
D.R. Blake and J.M. Polak, 1992, Autorradiographic localization and 
analysis of endothelin-I binding sites in human synovial tissue, 
Arthritis Rheum. 35, 894. 

Wight, T.N., M.G. Kinsella and E.E. Qwarnstr(im, 1992, The role of 
proteoglycans in cell adhesion, migration and proliferation, Current 
Biol. 4, 793. 

Worrall. J.G., L.S. Wilkinson, M,T. Bayliss and J.C.W. Edwards, 1994, 
Zonal distribution of chondroitin-4-sulphate/dermatan sulphate and 
chondroitin-6-sulphate in normal and diseased human synovium. Ann. 
Rheum. Dis. 53, 35. 


