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S u m m a r y  

Cytokines are potent regulators of the chondrocyte functions. Some of them are produced by chondrocytes and interact 
to regulate cartilage metabolism. In this study, we investigated the production of interleukin-lfl (IL-lfl), IL-6, IL-8 and 
leukemia inhibitory factor (LIF) by human chondrocytes and examined the modulation of their secretion by exogenous 
cytokines. Human articular chondrocytes were isolated from their extracellular matrix by a triple successive enzymatic 
digestion of the cartilage. Subsequently, chondrocytes were stimulated by increased amounts of human recombinant 
cytokines [IL-lfl, tumour necrosis factor ~ (TNF~), IL-8, LIF, IL-6]. ILl/?, IL-6, IL-8 and LIF were assayed into culture 
media and inside cell extracts by specific enzyme amplified sensitivity immunoassays (EASIAs). Under these 
experimental conditions, we have identified various interactions between cytokines. IL-~ and TNFa highly stimulated 
IL-6, LIF and IL-8 productions. IL-6 decreased IL-8 synthesis and increased LIF production. IL-8 slightly enhanced IL-6 
production. Finally, LIF stimulated IL-lfl, IL-6 and IL-8 productions. Using neutralizing antibodies against I L l ,  we 
demonstrated that the effects of LIF were secondary to the stimulation by LIF of IL-lfl production by the chondrocytes. 
In conclusion, chondrocytes secrete a variety of immunocompetent cytokines including IL-lfl, IL-6, IL-8 and LIF that 
can interact to regulate chondrocytes metabolism. These results also define new biological activities of LIF and IL-6, 
and raise questions concerning their role in the pathogenesis of joint diseases. 
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Introduct ion  

IN VIEW of  t he i r  p r e sence  in synovia l  fluid, var ious  
cy tok ines  such  as i n t e r l e u k i n  (IL-lfl), t u m o u r  
necros is  f ac to r  ( T N F a ) ,  IL-6, IL-8 and  leukemia  
i nh ib i t o ry  f ac to r  (LIF) [1, 2, 3] a re  l ikely to be 
involved in the  pa thogenes i s  of  des t ruc t ive  jo in t  
disorders .  Cytok ines  a re  p roduced  t r ans i en t ly  in 
r e sponse  to an  ac t iva t ing  s ignal  and  all cells, 
inc lud ing  chondrocytes ,  can  p roduce  some cytoki-  
nes. These  cy tok ines  p roduced  by chondrocy te s  
may exer t  t he i r  effects  on  n e i g h b o u r i n g  cells or 
t issues,  as a p a r a c r i n e  m a n n e r  or on p roduc ing  
cells themselves ,  as an  a u t o c r i n e  manner .  TNF~ 
and  IL-lfl a re  ident i f ied as po t en t  ac t iva tors  of 
chondrocy te s  p laying a pivotal  role  in the  e t io logy 
of  ca r t i l age  degenera t ion .  In response  to these  
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cytokines ,  chondrocy te s  s t a r t  s ec re t ing  n e u t r a l  
me ta l l op ro t e ina se s  [4, 5] and  act ive oxygen  species  
[6, 7] which  are  eff icient  f ac to r s  in ca r t i l age  ma t r ix  
des t ruc t ion .  Moreover ,  these  cy tok ines  inh ib i t  
p ro teog lycan  [8] and  col lagen syn these s  [9], 
marked ly  r e d u c i n g  ca r t i l age  repa i r  capaci t ies .  
Both  cy tok ines  may also s t imula te  bone  r e s o r p t i o n  
[10] and  induce  a t r a n s i e n t  in f l ammat ion  and  
l eukocy te  in f i l t r a t ion  of  the  synovia l  m e m b r a n e  
[11]. Current ly ,  it  is sugges ted  tha t  T N F  and  IL-1 do 
n o t  ac t  in i so la t ion  and  t h a t  t he i r  effects  a re  of ten  
the  resu l t  of  an  i n t e r a c t i o n  of  var ious  cy tok ines  
inc lud ing  IL-6, IL-8 and  LIF  [12]. 

IL-6 is a p o t en t  B-cell g rowth  f a c t o r  and  
d i f f e ren t i a t ion  f ac to r  [13]. Therefore ,  t h r o u g h  
a u g m e n t a t i o n  of  r h e u m a t o i d  fac tor  and  o the r  
au to an t i b o d i e s  in the  synovium,  it  could  ind i r ec t ly  
exace rba t e  inf lammat ion .  Moreover ,  it  a lso  induces  
acu te  phase  p ro te ins  syn thes i s  such as C-react ive 
p ro t e in  (CRP) and se rum amyloid  A (SAA) [14]. The  
effects  of  IL-6 on chondrocy te s  are  still unc lear .  No 
effect  [15], s l ight  e n h a n c e m e n t  [16] as well as 
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depression [17] of proteoglycan synthesis has been 
reported. Product ion  of tissue inhibitor  of metallo- 
proteinases (TIMP) [18] and transforming growth 
factor (TGFfl) [19] is st imulated by IL-6. In this role, 
IL-6 could be a moderator  of the carti lage 
resorpt ion processes. Because chondrocytes have 
been shown to proliferate in response to IL-6 [20], 
IL-6 could also be involved in carti lage early repair 
react ion occurr ing in osteoarthrit is.  

IL-8 is one of the most important  chemotact ic  
factors for neutrophils  and T lymphocytes [21]. IL-8 
also induces neutrophil  degranulation, and thus 
may part ic ipate  in cartilage degradation [22]. No 
direct effects of IL-8 on chondrocytes metabolism 
have been described. 

Currently, the role played by LIF in the 
pathogenesis of joint  diseases is not  well under- 
stood. LIF was initially described on the basis of its 
ability to induce differentiation of murine myeloid 
leukemic cells [23]. It inhibits differentiation of 
plur ipotent  embryonic stem cells [24], induces the 
synthesis of hepatic acute phase proteins [25], 
promotes neuronal  differentiation [26], inhibits 
l ipoprotein lipase [27], increases neuronal  sub- 
s tance P expression [28] and regulates bone 
metabolism [29, 30]. The role played by LIF in the 
homeostasis of cartilage remains unclear. 

It is now recognized that cytokines exhibit  both 
pleiotropy and redundancy and that differing 
cytokines exhibit  both synergically and antagon- 
istically. Some recent  papers have reported that  
IL-lfl st imulates IL-6, IL-8, and LIF productions 
[31, 32]. Whether  these cytokines are capable of 
feed back control  of cytokines released remains 
largely uninvestigated. Therefore, we decided to 
systematically research interactions existing be- 
tween those cyt0kines produced by chondrocytes 
themselves. 

Materia ls  and m e t h o d s  

SHORT-TERM S U S P E N S I O N  CULTURE OF H U M A N  

CHONDROCYTES 

Chondrocytes were cultured for a short  period in 
order to maintain their  phenotype. In this method, 
we used cartilage obtained from the knee joints of 
normal young adults  shortly after death. Avoiding 
the calcified layer, cartilage slices were excised 
from the superficial and medium layers of cartilage, 
cut into small fragments and submitted to 
enzymatic digestion. Cartilage fragments were 
sequentially treated by hyaluronidase, pronase and 
collagenase. Cartilage pieces were incubated with 
hyaluronidase dissolved in Dulbecco's Modified 
Eagle's Medium (DMEM, ICN Biomedical) (0.5 rag/ 

ml-3 g cartilage per 10ml enzyme solution) for 
30 min at 37°C and constant ly  agitated (200 rpm). 
Cartilage fragments were  then put  into pr0nase 
solution (1 mg/ml in DMEM-3 g per 10 ml enzy- 
matic solution) and incubated I h at 37°C and 
subsequently re-incubated, under constant  agita- 
t ion (200 rpm), with collagenase (1 mg/ml-3 g per 
10ml enzyme solution) dissolved in DMEM 
containing 1% Ultroser  G (Gibco, Gent, Belgium) 
for 20 h at 37°C. Ultroser  G is a serum subst i tu te  
which replaces fetal calf serum in in vitro culture. 
The biological activity of the reconst i tu ted 
solution is fivefold that  of fetal calf serum. Cells 
were then filtered through 25 pm nylon mesh, 
washed three times, counted (ranged among 
1-1.5 106 cells/ml) and seeded in 10 ml polypropy- 
lene Falcon flasks. Chondrocytes were cul tured in 
DMEM containing 1% Ultroser G. Cells were 
maintained in suspension by constant  agitation on 
a giratory shaker (100 rpm) in an atmosphere of 
95% air 5% CO2. Cells and supernatant  were 
separated by centrifugation (1000 rpm, 5 min). The 
cell viability, estimated by t rypan blue incorpor- 
ation, was 95%. Culture media were directly 
assayed for cytokines. Cell pellets were washed 
twice with HBSS (Hank's Buffer Saline Solution, 
Gibco, Merelbeeke, Belgium) and then homogen- 
ized in PBS pH 7.5 by ul trasonic dissociation (10 s 
pulses, power 50 W/cm 2) at 4°C. 

TREATMENTS 

Human recombinant  IL-lfl was purchased from 
Boehringer (Boehringer Mannheim, Mannheim, 
Germany) and used at concentrat ions ranging 
from 50 to 2500 units per ml (specific activity 
about  5× 107 U/rag) corresponding respectively to 
0.58 x 10-1°-2.9 × 10 -9 M. According to the manufac- 
turer  specifications, IL-lfl preparat ion was free of 
endotoxin. 

Human recombinant  TNF~ was purchased from 
Boehringer (Boehringer Mannheim, Mannheim, 
Germany) a n d  tested at concentrat ions from 
2-100 ng/ml corresponding to 1.17 x 10-1°-5.9× 
10-gM. The specific activity was superior at 1× 
10 ~. One unit  was defined as the amount of TNFa 
that was required to mediate half-maximal cy- 
toxicity with WEHI 164 cells in the presence of 
actinomycin. Endotoxin, evaluated by Limulus 
Amebocyte Lysate test  (LAL-test) was < 10 EU/ml. 

Human recombinant  IL-6 was kindly provided by 
SANDOZ (Basel, Switzerland) and used at concen- 
trations of 100, 1000 and 10000U/ml which 
corresponded, respectively, to 2, 20 and 200 ng/ml. 
Specific activity was 52× 106 U/mg. According to 
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t h e  m a n u f a c t u r e r  speci f ica t ions ,  e n d o t o x i n  was  no t  
de t ec t ab l e  in t he  IL-6 p r e p a r a t i o n .  

H u m a n  r e c o m b i n a n t  IL-8 (SANDOZ,  Basel ,  
S ~ i t z e r l a n d )  was  used  a t  c o n c e n t r a t i o n s  r a n g e d  
a ~ o n g  0.8-80 ng /ml  c o r r e s p o n d i n g  to 1 x 10 -~°- 
t:}~0~:M. T h e  absence  of  e n d o t o x i n  was  ver i f ied  by 
LAL~test .  

H u m a n  r e c o m b i n a n t  L I F  was  o b t a i n e d  f rom 
P e P r o t e c h  (Rocky  Hill ,  U.S.A.) a n d  added  to  t he  
c u l t u r e  m e d i u m  a t  c o n c e n t r a t i o n s  f rom 8-800 U/ml .  
Specif ic  ac t i v i t y  c o r r e s p o n d e d  a t  4 x l 0 ~ U / m g .  
T h e s  e c o n c e n t r a t i o n s  c o r r e s p o n d e d  r e spec t ive ly  
a t  1 0 - u - 1 0 - ~ .  The  p r e p a r a t i o n  was  e n d o t o x i n  

: free. :~ 
R a b b i t  a n t i s e r u m  (pur i f ied  IgGs)  n e u t r a l i z i n g  

iL- l f l  and  a ac t iv i t i e s  was  p u r c h a s e d  f rom 
C a l b i o c h e m  (La  Jo l ia ,  U.S.A.). One  m i l l i g r a m  of  
pur i f ied  IgG n e u t r a l i z e d  10 0 0 0 U  of  IL-lf l .  Anti-  
bod ies  were  added  in to  c u l t u r e  m e d i u m  at  
c o n c e n t r a t i o n s  of  10 a n d  50 gg/ml .  

Pur i f i ed  po lyc lona l  an t i bod i e s  n e u t r a l i z i n g  
L I F  ac t iv i t i e s  were  a gif t  of  Dr  A. G o d a r d  
(Unive r s i ty  of  Nan tes ,  F rance) .  Ten  m i c r o g r a m s  of  
t he se  a n t i b o d i e s  n e u t r a l i z e d  2.5 ng  of LIF. 

T h r e e  c u l t u r e  f lasks were  used  for each  concen-  
t r a t i o n  of c y t o k i n e  as well  as for the  c o r r e s p o n d i n g  
cont ro ls .  E a c h  c u l t u r e  was  r u n  w i t h  c h o n d r o c y t e s  
f rom the  k n e e  jo in t  of  a s ingle  pa t i en t .  

IMMUNOASSAYS FOR CYTOKINES AND DNA ASSAY 

IL-lf l ,  IL-6, IL-8 a n d  L I F  were  assayed  in the  
c u l t u r e  m e d i u m  and  in t he  c o r r e s p o n d i n g  ce l l u l a r  
p h a s e  by specif ic  E A S I A  (Enzyme  Ampl i f i ed  
Sens i t iv i ty  I m m u n o a s s a y )  k ind ly  p rov ided  by 
M e d g e n i x  (F leurus ,  Belg ium) .  Resu l t s  were  
expres sed  in pg/ml.  T h e  m e t h o d s  used,  type  of  
t racer ,  sensi t ivi ty ,  p rec i s ion ,  r e p r o d u c i b i l i t y  a n d  
a c c u r a c y  have  been  p r e v i o u s l y  desc r ibed  [33]. 
C h o n d r o c y t e  D N A  c o n t e n t  was  m e a s u r e d  accord-  
ing to the  f l uo r ime t r i c  m e t h o d  of  L a b a r c a  a n d  
Pa igen  [34]. 

CALCULATION AND STATISTICAL ANALYSIS 

The  r e su l t s  were  e x p r e s s e d  as a m o u n t s  of  
cy tok ines  m e a s u r e d  in t he  cu l t u r e  m e d i u m  per  pg  
of  D N A  a n d  as  ce l l u l a r  p h a s e  c o n t e n t  pe r  /zg of  
DNA.  To ta l  c y t o k i n e  p r o d u c t i o n s  were  a lso  
c a l c u l a t e d  by add ing  the  a m o u n t  found  in t he  
cu l t u r e  m e d i u m  and  w i t h i n  the  c o r r e s p o n d i n g  
ce l lu l a r  phase .  The  m e a n  +_ S.D. of  each  va r i ab l e  
was  ca lcu la ted .  C o m p a r i s o n  of  m e a n  va lues  was  
p e r f o r m e d  us ing  the  u n p a i r e d  S t u d e n t ' s  t - test ,  w i th  
a l imi t  of  s ign i f i ca t ion  a t  P < 0.05. P r o d u c t i o n  

cu rves  for  each  e x p e r i m e n t a l  c o n d i t i o n  were  
c o m p a r e d  by  m e a n s  of  Ze rbe ' s  r a n d o m i z a t i o n  t e s t  
[35]. Th i s  t e s t  is b a s e d  on  a n  a p p r o x i m a t e  F t e s t  
w i t h  d e g r e e  of  f r e e d o m  a p p r o x i m a t i o n  t h a t  de- 
pends  on  b o t h  o b s e r v a t i o n s  a n d  t i m e  i n t e r v a l  
cons ide red .  D i f f e rences  were  c o n s i d e r e d  s ta t is t i -  
ca l ly  s ign i f i can t  w h e n  P < 0.05. 
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FIG. 1. Effect of human recombinant tumour necrosis 
factor-a  (TNF~) on IL-6 (a), IL-8 (b) and LIF (c) amounts 
produced and released into culture medium by human 
chondrocytes. Cytokines levels were measured after 24, 
48 and 72 h of t reatment  with increased amounts of 
TNF~. The data are expressed as amounts of cytokines 
found into culture per gg of DNA and presented as 
the mean and standard deviation (S.D.) of triplicate 
cultures. Statistical significance: *P < 0.05; **P < 0.01; 
• **P < 0.001. 
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Results  

E F F E C T  OF T N F g  ON CYTOKINE P R O D U C T I O N  

Cytok ines  released into cul ture  m e d i u m  

I1-6, IL-8 a nd  LIF  a m o u n t s  r e l ea sed  in the  c u l t u r e  
med ium by uns t imu la t ed  c h o n d r o c y t e s  i nc r ea sed  
progress ive ly  as a f unc t i on  of  the  c u l t u r e  per iod.  
Never the less ,  analys is  of  the  t ime courses  
sugges ted  t h a t  a h igh  ra t io  of  t he  IL-6 and  IL-8 
p r o d u c t i o n  o c c u r r e d  in first  24 h of  the  cul ture .  
Whe n  c h o n d r o c y t e s  were  c u l t u r e d  in  the  p r e sen ce  
of T N F a ,  r egard less  of  the  T N F a  dose (2, 20 and  
100 ng/ml)  a nd  cu l tu re  pe r iod  (24, 48 or  72h)  
[Fig. l(a),  (b), (c)] cy tok ine  a m o u n t s  m e a s u r e d  in  
cu l tu re  med ia  were s ign i f ican t ly  h i g h e r  t h a n  
con t ro l  va lues  (0.05 < P < 0.001). This  s t imula t ing  
effect  of  TNF~ was dose -dependen t  for  IL-8 
p r o d u c t i o n  (0.95 < P < 0.98; P < 0.01) wh icheve r  
the  c u l t u r e  pe r iod  cons ide red  [Fig. l(b)]. Concern-  
ing IL-6 p roduc t ion ,  t he  s t imula t ion  was on ly  
dose -dependen t  a f te r  24 and  4 8 h  of  cu l t u r e  
( 0 . 6 5 < r < 0 . 8 4 ;  0 . 0 5 < P < 0 . 0 0 1 ) .  As shown by 
Fig. l(c),  u n s t i m u l a t e d  chond rocy t e s  did no t  
p roduce  de tec tab le  a m o u n t s  of  L I F  du r ing  the  first  
24 h of  cu l tu re .  Never the less ,  L I F  p r o d u c t i o n  was 
s ign i f ican t ly  inc reased  by TNFa .  

Cytokines  content inside cell pel le ts  

Table I shows amoun t s  of  cy tok ine  m e a s u r e d  
in the  ce l lu l a r  phase  as a f u n c t i o n  of  the  c u l t u r e  
time. I t  appea r s  t ha t  cy tok ine  levels p r e sen t  in 
the  ce l lu l a r  phase  r e a c h e d  a m a x i m u m  af te r  24 h 
and  t h e n  dec reased  a s a  f u n c t i o n  of  cu l t u r e  
period.  We observed  also t ha t  cy tok ine  levels in the  
ce l lu la r  phase  were lower t h a n  a m o u n t s  found  in 
the  c u l t u r e  medium.  TNF~ s igni f ican t ly  i nc rea sed  

the  level of  IL-8 c o n t e n t  in the  ce l lu l a r  phase .  
Responses  were  dose -dependen t  at  each  c u l t u r e  
t ime s tud ied  (0.95 < r < 0.98; 0.01 < P < 0.001). 
IL-6 c o n t e n t  was also e n h a n c e d  by T N F a  
(P  < 0.01 < P < 0.05). In  o u r  cu l t u r e  and  assay  
condi t ions ,  L IF  was n o t  de tec tab le  in the  ce l lu l a r  
phase.  

EFFECT OF IL-1)~ ON CYTOKINE PRODUCTION 

Fig. 2 shows the  to t a l  IL-6, IL-8 and  L I F  
p r o d u c t i o n  (sum of  cy tok ine  a m o u n t s  r e l eased  in 
the  cu l t u r e  m ed iu m  an d  wi th in  the  c o r r e s p o n d i n g  
ce l lu la r  phase)  a f t e r  72 h of  cu l t u r e  wi th  or  w i t h o u t  
IL-lfl. To ta l  cy to k in e  p roduc t ions  were  nea r l y  
equal  to  the  cy to k in e  a m o u n t s  r e l eased  in to  
cu l tu re  m ed iu m  a f t e r  72 h. Less t h a n  5% of  the  
to ta l  cy tok ine  p r o d u c t i o n  was p re sen t  in  the  
ce l lu la r  phase  at  day 3. IL-lfl i nduced  a h igh ly  
s igni f icant  i nc rease  of  the  to t a l  IL-6, IL-8 and  L I F  
p r o d u c t i o n  ( P <  0.001; Fig. 2). Responses  were  
dose-dependen t  for  IL-8 (r = 0.90) and  LIF  (r = 0.71) 
produc t ions .  

EFFECT OF IL-6  ON CYTOKINE P R O D U C T I O N  

Dur ing  the  first  48 h of  incuba t ion ,  IL-6 did 
no t  s igni f icant ly  affect  the  to t a l  IL-8 p r o d u c t i o n  
by h u m a n  chondrocy tes .  W h e n  c u l t u r e  t ime  
was p ro longed  un t i l  72h ,  IL-6 dec reased  IL-8 
p r o d u c t i o n  wha teve r  the  c o n c e n t r a t i o n  s tud ied  
(2, 20 or  200ng/ml ;  0.001 < P <  0.01; Fig. 3). 
IL-6 also e n h a n c e d  LIF  am o u n t s  sec re t ed  and  
re leased  in to  cu l t u r e  med ium by c h o n d r o c y t e s  
(Fig. 4). Af te r  72 h of  cu l ture ,  the  effect  was 
s igni f icant  at  each  c o n c e n t r a t i o n  of  IL-6 t e s t ed  
(0.01 < P < 0.05). 

Table I. 
IL-6 and IL-8 levels measured inside chondrocytes after 24, 48 and 72 h of culture with 

or without increased amounts of TNFc~ 

Culture duration 
and parameters TNFa TNF~ TNF~ 
study Control 2 ng/ml 20 ng/ml 100 ng/ml 

IL-6 pg/#g DNA 
24 h 12.1 ± 0.85 12.6 i 0.85 16.4 ± 2.64 21.3 ± 3.05* 
48 h 4.35 i 0.57 7.91 i 1.12" 11.4 i 1.92" 10.2 ± 1.2" 
72 h 3.03 ± 0.27 4.91 i 0.66* 5.63 ± 0.53* 5.81 ± 0.3** 

IL-8 pg/#g DNA 
24 h 17.9 ± 3.9 42 i 3.5** 65 i 11"* 114 i 14"* 
48 h 15.6 i 2.0 39 ± 5.0** 62.5 i 5.8*** 110 ± 7.6** 
72 h 14 i 1.0 35 i 1.4"** 60 i 8.6** 76 i 10"* 

Values are the means of three separate determinations and are expressed as amounts of cytokines 
present inside cells per #g of DNA. *Statistically significant difference compared with the controls 
*P < 0.05; **P < 0.01; ***P < 0.001. 



O s t e o a r t h r i t i s  a n d  C a r t i l a g e  Vol.  4 No .  3 167 

3000 ~ (a) 

2500 

2000 g 

.~ 15oo 

1000 

5 0 0  

IL-6 

0 1 10 50  

8000 ~ ~) 

7000 

6000 

5000 

4000 

"~ 3000 

2000 

1 0 0 0  

0 1 

IL-8 

10 50  

z 
tm 

500 (c) ,,li," =_*y_ 
4 5 0  ~- ................. 

400 p * ?  i 
:.:.:. • . . : . : . : . : . . . .  : : " : i : : : . ' 3  "i:.i ":: 
: ': ':" : : ' : ' : ' :" :  : : ":i:::  i : i .  V!I'." 

350  ~ i~i~:~ ii ::: ~i~i:i: i : ::i~:~: :::i ~: 

200 L ii  ;iii!!iii!!i  i;;ii!i; :i 

0 ~ I I :::::: i::::i.~.i:;:: 
0 1 10 50  

IL- I  ~ n g / m l  

FIG. 2. Total amounts (sum of the amount found within 
culture medium and inside cellular phase) of (a) IL-6, (b) 
IL-8 and (c) LIF produced by human chondrocytes 
cultured for 72 h in the absence or presence of increased 
doses of II~lfl. Results are expressed as mean values of 
three cultures from the same donor. Responses are 
significant ***P < 0.001. 

E F F E C T  OF  IL -~  O N  C Y T O K I N E  P R O D U C T I O N  

At the concent ra t ion  of 80 ng/ml, IL-8 slightly 
increased the amount  of IL-6 released in .the 
cul ture  medium (P < 0.05; Table II). The effect was 
present  after 48 and 72 h of culture. IL-8 had no 
significant effect on IL-6 content  in the cel lular  
phase. However, IL-8 had no effect on LIF 

product ion  e i ther  in the cel lular  phase or in the 
cul ture  medium (data not  shown). 

E F F E C T  O F  L I F  O N  C Y T O K I N E  P R O D U C T I O N  

The time course analysis of IL-6 produc t ion  
shows that  the IL-6 released in the cul ture  medium 
cont inuously  increased as a funct ion of the  cul ture  
period with or wi thout  the addit ion of LIF  (Fig. 5). 
However, the curves obtained for the  highest  
concent ra t ions  of LIF (2 and 20ng/ml)  were 
significantly higher  than  the control  curve show- 
ing a st imulation.  No effect was observed at the 
concent ra t ion  of 0.2 ng/ml. The amount  of IL-6 
found in cel lular  phase rapidly increased during 
the first 24 h of cul ture  and progressively decreased 
as a funct ion of cul ture  duration. LIF increased 
significantly the IL-6 content  at the doses of 2 and 
20 ng/ml (Fig. 5). 

LIF also s t imulated total  IL-8 product ion  (Fig. 6). 
In the presence of 20 ng/ml of LIF, s t imulat ion was 
already significant af ter  12 h. In our cu l tu re  and 
assay conditions, unst imulated chondrocytes  did 
not  spontaneously  produce IL-lfl. Interestingly, the 
product ion of IL-lfl rapidly increased with the 
addit ion of LIE These results suggested that  LIF 
effects on IL-6 and IL-8 product ions could be 
secondari ly mediated by IL-lfl. To verify this 
hypothesis, we s imultaneously cul tured chondro- 
cytes with LIF and antibodies neutra l iz ing IL-I~ 
and ft. Surprisingly, 5 and 10pg of neut ra l iz ing  
antibodies added into cul ture  medium inhibi ted 
the spontaneous  product ion  of IL-6. Neutra l iz ing  
IL-la and fl activit ies antibodies, total ly inhibi ted 
the st imulat ing effect of LIF on IL-6 produc t ion  
(Fig. 7). Similar results  were obtained on IL-8 
product ion (data not  shown). 

E F F E C T  OF  P O L Y C L O N A L  A N T I B O D I E S  ( P A B  L I F )  

N E U T R A L I Z I N G  L I F  A C T I V I T Y  ON C Y T O K I N E  

P R O D U C T I O N  

When human a r t i cu la r  chondrocytcs were cul- 
tured for 72 h in the presence of ant ibodies  
neutral iz ing LIF activity, IL-6 product ion  was 
significantly decreased (Table III). On the o ther  
hand, IL-8 produced by chondrocytes was slightly 
decreased as compared with the controls.  In the 
presence of IL-lfl (17 ng/ml), the cytokines  pro- 
duct ion was markedly enhanced (0.01 < P < 0.001). 
When IL-lfl and LIF Pab were s imul taneously  
added in the cul ture  medium, the st imulat ing effect 
of IL-lfl was not  significantly modified. These data 
suggest tha t  LIF had no effect upon the IL-lfl 
activity. 
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Fro. 3. Human chondrocytes were incubated for the time specified in the absence or presence of varying concentrations 
of human recombinant interleukin(IL-6). At the end of the period, supernatant and cells were separated by 
centrifugation and were assayed for interleukin (IL-8) by a specific EASIA. The values correspond to the total amount 
of IL-8 (sum of the amount found inside cellular phase and within culture medium) produced by chondrocytes. After 
72 h of incubation, IL-6 significantly decreased IL-8 production as compared with the control values. Responses are 
significant with a ***P < 0.001. 

D i s c u s s i o n  

The data presented in this paper show tha t  
freshly isolated human chondrocytes  can spon- 
taneous ly  secrete IL-6, IL-8 and LIF. It is now 
accepted that  these cytokines mediate a var ie ty  of 
activities on immunocompetent  cells and connec- 
tive tissues. Nevertheless, regula tor  effects of these 
cytokines on the other  cytokine product ion are 
still obscure and not  well documented.  In the 
present  work, we have identified some regula tor  
pathways existing between IL-lfi, IL-6, IL-8 and 
LIF. These regula tor  pathways may play an 
impor tan t  par t  in the maintenance  of the dynamic 
equil ibrium between synthesis and degradat ion in 
cart i lage as well as in the pathogenesis of joint  
disease. 

We have demonstrated tha t  IL-lfl and TNFa 
are potent  st imulators of IL-6, IL-8 and LIF 
production.  The presence of high levels of these 
cytokines in the synovial fluid of pat ients  with 
rheumatoid  ar thr i t i s  (RA) suggests that  they may 
par t ic ipate  in the joint  des t ruct ion  in RA [1, 2, 3]. 
Under  our  cul ture  conditions, the levels of 
IL-lfl tha t  induced IL-6 and IL-8 were in the 
same range of concentra t ions  as those found 
in RA synovial fluid. This• finding suggests tha t  

st imulated chondrocytes  are an impor tan t  source 
of cytokines tha t  may contribute,  at least  par- 
tially, to the enhancement  of the cytokine levels 
observed in joint  diseases. Interestingly, our  results  
also provide evidence that  chondrocytes  could be 
an impor tan t  reservoir  of IL-8. This finding 
suggests those chondrocytes  have the potent ia l  
to init iate and propagate inflammation through 
their  ability to rapidly release in the extracel lu lar  
environment  a high level of the potent  neutrophils- 
activating cytokine. By this way, chondrocytes  
may act on neighbour ing tissues and par t ic ipate  
in the development of synoviot is  and bone 
remodell ing present  in RA. Al though the role 
played by IL-lfl and TNF~ in the pathogenesis 
of joint  diseases is clearly demonstrated,  the 
actions of IL-6, IL-8 and LIF require fu r ther  
examination. 

Because equally high amounts  were found in the 
superna tan t  of chondrocytes cul ture  st imulated 
with IL-lfl, we tested human recombinant  IL-6 at 
concentra t ions  ranging from 2-200 ng/ml. In this 
concent ra t ion  range, IL-6 induced a depression of 
IG8 product ion and a st imulation of LIF synthesis. 
In light of the biological functions of IL-8, the 
inhibi t ion of this cytokine suggests a negative 
feedback regula t ion to limit inflammatory react ion 
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Fro. 4. Leukemia inhibitory factor (LIF) amount released within culture medium as a function of culture duration. 
Interleukin-6 (IL-6) added into culture medium at concentrations ranging from 2-200 ng/ml increased LIF amount 
produced by human chondrocytes. Significant effects were observed after 48 h of culture at the concentrations of 20 
and 200 ng/ml and for each concentration used after 72 h of culture. Statistical significance: *P < 0.05; **P < 0.01. 

and  jo in t  invas ion  by neu t roph i l s  and  T lympho- 
cytes. Indeed,  it ±snow well es tabl ished t h a t  IL-8 is 
one  of  the  mos t  po t en t  c h e m o a t t r a c t a n t  fac tors  for 
these  cells [21]. This cy tok ine  also induces  
neu t roph i l  d e g r a n u l a t i o n  and  the  re lease  of  
lysosomial  enzymes  and  active oxygen species in 
the  jo in t  cavi ty  [22]. In  this  way IL-8 may con t r ibu t e  
to car t i l age  degrada t ion .  This i nh ib i to ry  effect of  
IL-6 on IL-8 p r o d u c t i o n  can  be inc luded  in the  
series of  protect ive  ac t ions  r ecen t ly  descr ibed  for 
IL-6. In  fact,  IL-6 s t imula tes  T I M P  p r o d u c t i o n  by 
chondrocy te  w i t h o u t  a f fec t ing  co l lagenase  ac t iv i ty  
[36]. Moreover,  IL-6 increases  TGFfl [19] synthes i s  

and  s t imula tes  chond rocy t e s  p ro l i fe ra t ion  [20] but  
does no t  modi fy  p ros t ag l and in  E~ (PGE2), co l lagen  
or  p ro teog lycan  syn theses  [15, 18]. On  the  o the r  
hand,  t oge the r  wi th  the  secre t ion  of  IL-6, chondro-  
cytes may con t r ibu t e  to the  deve lopmen t  of  
a u t o i m m u n i t y  d i rec ted  toward  ca r t i l age  an t igens  
such  as type  II  collagen.  In  fact,  IL-6 is r equ i red  for 
T-cell ac t ivat ion,  B-cell m a t u r a t i o n  a n d  a n t i b o d y  
p roduc t ion ,  inc lud ing  the  r h e u m a t o i d  f ac to r  
[13, 37]. IL-6 may also con t r ibu t e  to the  develop- 
men t  of  the  in f l ammato ry  r eac t i on  a c c o m p a n y i n g  
RA. IL-6 induces  acu te  phase  p r o d u c t i o n  by 
hepa tocy t e s  [25]. Never theless ,  a r e c e n t  in vivo 

Table II. 
IL-6 amounts  found in the cultured medium and inside chondrocytes cultures in the 

absence or in the presence of  increase concentrations o f  IL-8 

IL-8 '" IL-8 IL-8 
Culture duration Control 2 ng/ml 20 ng/ml 100 ng/ml 

In culture medium 
24 h 18.2 _+ 1.15 14.2 ± 3.2 15.6 ± 5.6 18.6 + 1.15 
48 h 29 ± 2.4 29 _+ 1.8 31.6 _-4- 6 37 _+ 1" 
72 h 35.3 ± 2.5 33.3 ± 4.16 45 ± 4.2 53.3 _ 7.5* 

Inside cell extracts 
24 h 5.1 ± 1 4.9 + 0.1 6.2 ± 0.9 6.2 ± 0.4 
48 h 3.6 _+ 0.2 4.4 ± 0.4 4.3 ± 0.7 5.4 ± 0.9 
72 h 1.03 _+ 0.03 0.99 ± 0.004 2 ± 0.5 1.4 ± 0.19 

Data are the mean -4- S.D. and are expressed in pg per pg of DNA. N= 3 in each group. *Significantly 
different from the control with a P < 0.05. 
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FIG. 5. Time course of in te r leuk in  (IL)-6 produc t ion  by 
human  chondrocytes.  Pr imary  chondrocytes  were cul- 
tured in the absence ( - , - )  or presence  of 0.2 ng/ml 
( - A - ) ,  2 ng/ml ( - O - )  or 20 ng/ml ( - O - )  of  LIE  (a) IL-6 
present  inside c e l l u l a r  phase. (b) IL-6 re leased  into 
cul ture  medium. Resul ts  are the mean values of 
t r ip l ica te  of pr imary  chondrocytes  cul ture  in a represen- 
tative exper iment  and error  bars  represen t  S.D. 
Differences between curves are tes ted by Zerbe test. 
a , b ¢ c :  P < 0 . 0 2 5 ;  a , b ¢ d :  P < 0 . 0 1 ;  c # d :  P < 0 . 0 5 ;  
e,f ~ g; P < 0.05; e,f ~ h: P < 0.01; g ~ h: P < 0.01. 

study failed to demonstrate the efficacy of anti-IL-6 
treatment in experimental arthritis [38]. 

In the present study, we have also demonstrated 
that chondrocytes produced LIE This production 
was highly increased by pro-inflammatory cyt0ki- 

nes such as IL-lfl, TNF~ and IL-6. These results are 
in agreement with previous studies that showed 
that LIF production was induced not only by 
pro-inflammatory cytokines but also by growth 
factors such as TGFfl, platelet-derived growth 
factor (PDGF), insulin-like growth factor (IGF) and 
basic fibroblast growth factor (bFGF) [39]. The role 
played by LIF in the development of articular 
diseases is still obscure. We have previously 
described that LIF decreased proteoglycans pro- 
duction [40]. Together with the observations of 
Lotz et al. [39] that LIF can induce expression of 
collagenase and stromelysin by human articular 
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FIG. 6. Effect of  leukemia  inhib i tory  fac tor  (LIF) on (a) 
in te r l euk in  (IL-8) and (b) IL-lfl re leased into cu l tu re  by 
human  chondrocytes.  Cytokine  levels were assayed by 
enzyme-amplified sensi t ivi ty immunoassay at each t ime 
point.  Values are the mean and S.D. (N= 3). S ta t i s t ica l  
analysis  is performed with  unpai red  Student ' s  t-test for 
assessing s ignif icant  differences between controls  and 
t rea ted  groups: **P < 0.01; ***P < 0.001. 
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Fro. 7. Leukemia inhibitory factor (LIF) induction of interleukin (IL)-6 is mediated by IL-1. During 48 h, primary 
chondrocytes cultures were simultaneously incubated with LIF (20 ng/ml) and specific antibodies neutralizing IL-I~ and 
fl activities (Pab IL-1), or with LIF (20 ng/ml) or specific neutralizing antibodies only. IL-6 was directly assayed in the 
culture medium by specific enzyme-amplified sensitivity immunoassay. Results are expressed as mean values from one 
representative experiment performed in triplicate. Statistical significance: a ~ b ve c P < 0.05. • = controls; [] = Pab 
5/~g/ml; [] = Pab 10 #g/ml; [] = LIF 20 ng/ml; [] = LIF 20 ng/ml + Pab 5 #g/mL; [] = LIF 20 ng/ml + Pab 10 #g/ml. 

chondrocy te s  w i t h o u t  a f fec t ing  T I M P  produc t ion ,  
L IF  appears  to be  a po t en t  med ia to r  of  ca r t i l age  
r e so rp t ion  [32]. Fu r the rmore ,  we have shown  tha t  
L I F  s t imula ted  p r o d u c t i o n  of  p ro- in f lammatory  
cy tok ines  inc lud ing  IL-6, IL-8 and  IL-lfl. These  
observa t ions  suppo r t  the  n o t i o n  t h a t  L I F  may be 

d i rec t ly  or  ind i rec t ly  involved in the  deve lopmen t  
of  ca r t i l age  de s t ruc t i on  and  the  process  of  j o in t  
i n f l ammato ry  events. The f inding tha t  L I F  i nduced  
IL-lfl  p r o d u c t i o n  by chondrocy tes  sugges ted  t h a t  
the  L I F  effect cou ld  be media ted  ind i rec t ly  by IL-1. 
To verify this  hypothes is ,  chond rocy t e s  were 

Table III. 
Quantitation of cytokines (IL-6, IL-8, LIF) present~in free cell supernatants after 48 h of 

culture with culture medium, purified antibodies neutralizing LIF activities (Pab LIF), IL-lfl 
only or simultaneously with Pab LIF and IL-lfl 

Parameters Pab LIF IL-lfl IL-lfl 17 ng/ml 
studied Control 50 #g/ml 17 ng/ml Pab LIF 50 pg/ml 

IL-6 
pg/pg DNA 509 _ 47a 234 + 5b* 7774 ± 1499c*** 8138 + 272c*** 
IL-8 
pg/#g DNA 2909 _+ l13a 2748 _+ 137a 11093 _+ 129b** 13881 _ 1100c*** 
LIF 
pg/#g DNA 890 _+ 17.6a Not detectable 2987 + 234b** Not detectable 

Letters indicate differences between treated and untreated groups. *P < 0.05; **P < 0.01; 
***P < 0.001. 
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Table IV. 
The negative and positive effects of the different 

cytokines on each other 

Cytokines assayed 

Cytokines added IL-6 IL-8 LIF IL-lfl 

IL-lfl + + + ND 
TNF~ + + + ND 
IL-6 ND - + ND 
IL-8 + ND 0 ND 
LIF + + ND + 

+ = stimulation; - = inhibition; 0 -- no effect; ND = Not 
determined. 

c u l t u r e d  in t he  p r e s e n c e  of  a n t i b o d i e s  n e u t r a l i z i n g  
I L - l a  a n d  fl ac t iv i t ies .  We obs e rved  t h a t  LIF- in-  
duced  IL-6 and  IL-8 p r o d u c t i o n s  a re  t o t a l l y  
i nh ib i t ed  by an t i bod i e s  n e u t r a l i z i n g  IL- I~  a n d  
IL-lf l  ac t iv i t ies .  Th is  f inding p rov ides  ev idence  t h a t  
L I F  effects  a r e  s e c o n d a r y  a t  the  r e l ea se  of  IL-1. 
This  h y p o t h e s i s  is s u p p o r t e d  by  the  o b s e r v a t i o n  
t h a t  L I F  i nduced  a rap id  s e c r e t i o n  of  IL-lf l  which  
o c c u r r e d  w i t h i n  30 min,  before  the  i n d u c t i o n  of  
IL-8 a n d  IL-6. In te res t ing ly ,  the  add i t i on  of  
an t i bod i e s  n e u t r a l i z i n g  L I F  ac t iv i ty  in the  c u l t u r e  
m e d i u m  d e c r e a s e d  s ign i f i can t ly  the  s p o n t a n e o u s  
IL-6 p r o d u c t i o n  bu t  did no t  modi fy  the  effect  o f  
IL- l f l  on  th is  p a r a m e t e r .  These  r e su l t s  sugges t  t h a t  
L I F  and  IL-lf l  a re  no t  synergic .  

In  s u m m a r y  (Table IV), IL-lf i  and  T N F ~  a re  
p o t e n t  i n d u c e r s  of  the  p r o d u c t i o n  of  p ro - in f l amma-  
t o ry  cy tok ines .  These  l a t t e r  c y t o k i n e s  may  i n t e r a c t  
to r e g u l a t e  t h e i r  p r o d u c t i o n s  by chondrocy tes .  We 
have  c lear ly  ident i f ied  the  fo l lowing in t e rac t ions .  
IL-6 dec rea se s  IL-8 p r o d u c t i o n  a n d  s l igh t ly  in- 
c reases  L I F  synthes is .  IL-8 have  a m o d e r a t e  
s t i m u l a t o r y  effect  on  IL-6 p r o d u c t i o n  but  does  no t  
effect  L I F  p roduc t i on .  Finally,  L I F  is a p o t e n t  
s t i m u l a n t  to induce  cy tok ines  p roduc t i on ,  such  as 
IL-lf l ,  IL-6 a n d  IL-8. Never the les s ,  t hese  effects  a re  
l ike ly  to be  m e d i a t e d  by, and  s e c o n d a r y  to, IL-1 
sec re t ion .  In  conc lus ion ,  ou r  s t udy  s u g g e s t s  t h a t  
t h r o u g h  the  p r o d u c t i o n  of  cy tok ines ,  c h o n d r o c y t e s  
may  ac t  o n  n e i g h b o u r i n g  connec t ive  t i s sue  metab-  
o l i sm a n d  in i t i a t e  and  m o d u l a t e  t he  i n f l a m m a t i o n  
and  i m m u n e  responses .  These  p r o d u c t i o n s  a re  
r e g u l a t e d  by a complex  in t e r ac t ive  n e t w o r k  of 
med ia to r s .  
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