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Abs t rac t .  I n t e r l e u k i n  1 enhances p r o l i f e r a t i o n  of murine thy- 
mocytes i n  t he  presence of l e c t i n s ,  and is a l s o  known t o  s t imu la t e  
t h e  r e l e a s e  of p ros tag landins  and n e u t r a l  p ro t ea se s  from a  v a r i e t y  
of c e l l  types.  We have prev ious ly  shown t h a t  a  f a c t o r  i s o l a t e d  
from t h e  c u l t u r e  media of d i saggrega ted  l i n i n g  c e l l s  of t he  human 
synovia l  membrane was i nd i s t i ngu i shab l e  from monocyte-derived i n t e r -  
l euk in  1. We r e p o r t  he r e  t h a t  i n t e r l e u k i n  1 from e i t h e r  source  
s t imu la t e s  hya lurona te  syn the s i s  by synovia l  membrane c e l l s .  IJpon 
g e l  f i l t r a t i o n  o r  i s o e l e c t r i c  focus ing  of synovia l  c e l l  superna- 
t a n t s ,  t h e  hyaluronate-st imulatory a c t i v i t y  co - f r ac t i ona t e s  wi th  
t he  i n t e r l e u k i n  1 a c t i v i t y .  Enhanced c e l l  s e c r e t i o n  of hyaluro- 
n a t e  is  a  newly descr ibed  metabol ic  e f f e c t  of i n t e r l e u k i n  1. 
@ 1984 Soc i e ty  for Experimental Biology and Medicine. 

Monocytes/macrophages a c t i v a t e d  by 
mitogens s e c r e t e  f a c t o r s  i n t o  t h e  su- 
perna tan t  media which have b i o l o g i c a l  
e f f e c t s  on a  wide v a r i e t y  of c e l l s .  
The f a c t o r  t h a t  has rece ived  t h e  most 
a t t e n t i o n  and been most completely char- 
a c t e r i z e d  is i n t e r l e u k i n  1 (IL I ) ,  for -  
merly known a s  lymphocyte a c t i v a t i n g  
f a c t o r  ( 1 ) .  IL 1 is a  12,000 t o  15,000 
d a l t o n  polypept ide ,  and al though i t s  
e f f e c t s  on B and T  lymphocytes have 
been most i n t e n s i v e l y  s t ud i ed ,  IL 1 a l -  
s o  has  been shown t o  modulate t h e  me- 
tabolism of mesenchymal c e l l s ,  in- 
c lud ing  synovia l  c e l l s  ( 2 , 3 ) ,  human 
dermal f i b r o b l a s t s  ( 4 ) ,  bone c e l l s  (51, 
and chondrocytes (6) .  Among t he  secre-  
t o r y  products  t h a t  IL 1 induces i n  
mesenchymal c e l l s  a r e  pros tag landins  
(PGE2), n e u t r a l  p ro t ea se s  and co l l a -  
genase (3,6) . 

We have prev ious ly  repor ted  (7) 
t h a t  human synovia l  c e l l s  s e c r e t e  a  
f a c t o r  t h a t  by a  v a r i e t y  of biochemical  
and immunological parameters  appeared 
i d e n t i c a l  t o  macrophage-derived IL 1, 
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and t o  which we r e f e r  i n  t h i s  paper  a s  
synoviocyte-derived IL 1. Since t he  
s y n t h e s i s  of glycosaminoglycans (GAG) 
is  one of t h e  p r i n c i p a l  metabol ic  func- 
t i o n s  of synovia l  c e l l s  (8), it  was of 
i n t e r e s t  t o  determine t he  e f f e c t s  of 
macrophage-derived o r  synoviocyte-de- 
r i ved  IL 1  on GAG product ion  by syno- 
v i q l  c e l l s .  The f i nd ing  of augmented 
hya lurona te  production induced by IL 1 
adds a  new metabolic  e f f e c t  t o  those  
a l r e ady  demonstrated f o r  IL 1. 

Ma te r i a l s  and Methods. Collage- 
nase ,  t r y p s i n ,  and t e s t i c u l a r  hyal- 
uronidase were from Sigma Chemical Co., 
S t .  Louis ,  MO; s t reptomyces hyaluroni-  
dase  and chondro i t inase  ABC were from 
Miles Labora tor ies ,  E l k e r t ,  I N .  
Na2 3 5 ~ 0 4  (232.7mCi/mmol, (14c)  gluco- 
samine hydrochlor ide  (325.5mCi/mmol), 
Omnifluorm and ~ i a f  l u o r  were from 
New England Nuclear ,  Boston, MA. New- 
born c a l f  serum and ~ u l b e c c o ' s  modified 
Eagle ' s  medium were from Grand I s l and  
B io log i ca l ,  Grand I s l and ,  NY. Thin 
l a y e r  (30x20 cm) ce l lu lose-coa ted  p las -  
t i c  s h e e t s  without  f l uo re scen t  indica-  
t o r  were from Merck, Darmstadt, West 
Germany. Sephadex G 75 was from 
Pharmacia, Piscataway,  NJ. 
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Synovial  Tissue.  S u r g i c a l  speci-  
mens of s y n o v i a l  membranes ob ta ined  
from t o t a l  j o i n t  replacement were t rans-  
p o r t e d  t o  t h e  l a b o r a t o r y  i n  c h i l l e d  
Dulbecco's modif ied Eagle ' s  medium 
wi thout  serum. The s y n o v i a l  c e l l s  were 
d i saggrega ted  and c u l t u r e d  a s  previous-  
l y  d e s c r i b e d  (8) .  B r i e f l y ,  t h e  t i s s u e  
was c u t  i n t o  p i e c e s  of 2mm o r  l e s s  and 
incuba ted  w i t h  0 . 1  mg/ml t e s t i c u l a r  
hya luron idase  and 1 mg/ml c o l l a g e n a s e  
a t  37OC w i t h  rocking.  A f t e r  4  hours ,  
t h e  suspension was c e n t r i f u g e d  a t  1000 
rpm f o r  10 minutes ,  and t h e  s u p e r n a t a n t  
saved. This  was t h e  s t a r t i n g  m a t e r i a l  
f o r  t h e  synoviocyte-derived f a c t o r  
c h a r a c t e r i z e d  a s  i n t e r l e u k i n  1 ( 7 ) .  
The s y n o v i a l  c e l l s  were resuspended i n  
medium w i t h  10% newborn c a l f  serum f o r  
c e l l  c u l t u r e  a t  37OC i n  5% C02. 

Synovial  C e l l  Cul tu res .  GAG and 
PGE2 s y n t h e s i s :  When t h e  adherent  syno- 
v i a l  c e l l s  become c o n f l u e n t  (approxi- 
mately 5x10' cells/35mm d i s h ) ,  t h e  
medium was changed and 2 m l  of f r e s h  
medium c o n t a i n i n g  t h e  I L  1 sample t o  be  
t e s t e d  was added. P l a t e s  wi th  medium 
a l o n e  se rved  a s  c o n t r o l s .  A f t e r  24 
hours  incuba t ion ,  a  200 u l  sample of 
medium was removed f o r  PGE2 a n a l y s i s  
(9), and i s o t o p i c  p r e c u r s o r s  of GAG 
were added: 1.5uCi 1 4 c  glucosamine, o r  
30 uCi ( 3 5 ~ )  s u l f a t e  i n  2 m l  medium. 
A f t e r  24 hours  f u r t h e r  incuba t ion ,  me- 
dium was removed and analyzed f o r  l a -  
be led  GAG accord ing  t o  methods de- 
s c r i b e d  elsewhere (8 ) .  Hyaluronate  was 
determined by t h e  14c r a d i o a c t i v e  
counts  rendered d i a l y z a b l e  by s t r e p t o -  
myces hya luron idase  d i g e s t i o n  compared 
t o  undiges ted  samples. T o t a l  GAG con- 
t a i n i n g  1 4 c  o r  3 5 ~  were determined by 
r a d i o a c t i v e  counts  rendered d i a l y z a b l e  
by c h o n d r o i t i n a s e  ABC compared t o  un- 
d i g e s t e d  samples. 

Chromatography of GAG. GAG were 
i s o l a t e d ,  d i g e s t e d  wi th  c h o n d r o i t i n a s e  
ABC, and s u b j e c t e d  t o  t h i n  l a y e r  chro- 
matography and radioautography by 
methods descr ibed  i n  d e t a i l  e lsewhere 
(8). The i n d i v i d u a l  r a d i o a c t i v e  s p o t s  
on t h e  ce l lu lose-coa ted  p l a s t i c  s h e e t  
were c u t  o u t ,  p laced  i n  Omnifluor * 
and cpm were determined i n  a  s c i n t i l -  
l a t i o n  counte r .  The p i e c e  of c e l l u -  
lose-coated p l a s t i c  was then washed 
w i t h  to luene  t o  remove t h e  f l u o r ,  a i r -  
d r i e d ,  and t h e  c e l l u l o s e  sc raped  i n t o  

a  test tube  f o r  a n a l y s i s  of a c e t y l -  
hexosamine (10) .  

P r e p a r a t i o n  of Monocyte-derived 
I L  1. The monocyte-derived I L  1 was 
prepared a s  p r e v i o u s l y  r e p o r t e d  (11) 
from buf fy  coa t  p r e p a r a t i o n s  of human 
p e r i p h e r a l  blood. 

P u r i f i c a t i o n  of I L  1. P u r i f i c a -  
t i o n  of IL 1 d e r i v e d  from t h e  d i s -  
aggregated s y n o v i a l  c e l l  s u p e r n a t a n t  
was c a r r i e d  o u t  f i r s t  by a f f i n i t y  
chromatography on columns of Sepharose- 
bound r a b b i t  anti-human leukocyte  
pyrogen (12) and then  g e l  f i l t r a t i o n  
on columns of Sephadex G-75. Monocyte- 
d e r i v e d  IL 1 was p u r i f i e d  i n i t i a l l y  on 
Sephadex G-75. Some samples were fur-  
t h e r  p u r i f i e d  by i s o e l e c t r i c  focus ing  
(11) 

Assays f o r  I L  1. IL 1 was assay- 
ed by t h e  thymocyte comitogenic t e s t  
( l l ) ,  and was f u r t h e r  c h a r a c t e r i z e d  by 
i n d u c t i o n  of i n t e r l e u k i n  2 (13) and of 
serum amyloid A p r o t e i n  (11) .  One 
u n i t  of I L  1 is d e f i n e d  a s  t h e  amount 
necessary  t o  induce a  h a l f  maximal re-  
sponse i n  t h e  thymocyte p r o l i f e r a t i v e  
assay .  

R e s u l t s  and d i s c u s s i o n .  S e v e r a l  
experiments  w i t h  macrophage-derived, 
and one experiment w i t h  synoviocyte-  
d e r i v e d  IL 1 on GAG s y n t h e s i s  by syno- 
v i a l  c e l l s  a r e  shown i n  Table  1. These 
IL 1 p r e p a r a t i o n s  g e n e r a l l y  i n c r e a s e d  
4~-g lucosamine  i n c o r p o r a t i o n  i n t o  GAG. 

The augmented GAG produc t ion  was due 
l a r g e l y  t o  increased  hya lurona te  syn- 
t h e s i s  s i n c e  most of t h e  14c l a b e l  was 
d i g e s t e d  by s treptomyces hya luron idase ,  
an enzyme s p e c i f i c  f o r  hya lurona te  (11). 
The T t e s t  of d i f f e r e n c e s  f o r  bo th  t o t a l  
GAG and hya lurona te  r e s u l t s  were s ig -  
n i f i c a n t ,  each having a  v a l u e  of <0.05. 

3 5 ~  i n c o r p o r a t i o n  i n t o  GAG was gerr 
e r a l l y  n o t  i n c r e a s e d  by IL 1. The 
s t i m u l a t i o n  of  s u l f a t e d  GAG s y n t h e s i s  
o c c a s i o n a l l y  ob ta ined  w i t h  I L  1 may be 
due i n  p a r t  t o  v a r i a b l e  s y n t h e s i s  of 
t h e  s u l f a t e d  GAG themselves (8) which 
a r e  more s t r o n g l y  in f luenced  by c u l t u r e  
c o n d i t i o n s  and t h e  c e l l  type  t h a t  
evo lves  i n  c u l t u r e  (14). 

Tab le  1 a l s o  shows t h a t  IL 1 aug- 
mented PGE2 s y n t h e s i s  by s y n o v i a l  c e l l s .  
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TABLE 1. EFFECTS OF IL 1 ON GLYCOSAMINOGLYCAN SYNTHESIS AND PGE2 PRODUCTION 
BY SYNOVIAL CELLS 

cpm/ 105 cells in: (stimulation index) 

Total Sulfated 

Glycosaminoglycans Hyaluronate Glycosaminoglycans PGEz 

Exp . conditionsa (cpm 1%) (cpm 14c) (cpm 3 5 ~ )  (pG/ml) 

1 Control 

2 Control 

IL 1 

3 Con t ro 1 

IL 1 

4 Control 

IL 1 

5 Control 2888 2257 

IL 1 12,937(4.5) 13,260(5.9) 

6 Control 265 2 32 

IL 1 1021 (3.9) 969 (4.2) 

a Experiments 1-5, monocyte derived IL 1 (15,000 dalton, pI 7.1) 100 units per 

plate; Experiment 6, synoviocyte derived IL 1 10 unitsl~late. Indomethacin 

(indo) was used at 1.5 x ~o-'M. 

Evidence has been presented that PGE2 
itself is able to enhance hyaluronate 
synthesis (15), but in our experiments 
the increased hyaluronate production by 
IL 1 could not be attributed to a rise 
in PGE2 levels in the cell cultures. 
Table 1 shows that indomethacin pre- 
vented the IL 1-induced rise of PGE2 
without greatly affecting hyaluronate 
synthesis. 

Thin layer chromatography confirm- 
ed that hyaluronate was the predominant 

14c labeled GAG isolated from the me- 
dium of synovial cell cultures (Fig.1). 
Table 2 also shows that both synovio- 
cyte and macrophage derived IL 1 en- 
hanced the incorporation of 14c gluco- 
samine into hyaluronate. The total 
amount of N-acetylhexosamine does not 
increase as dramatically as does the 
counts because of the pool of unlabeled 
hyaluronate. Under the same conditions, 
no increase was observed in the incor- 
poration of 3 5 ~  into GAG. 
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FIG. 1. Thin la.yer chromatogram developed by radioautography of t h e  
l abe l ed  GAG i s o l a t e d  from t h e  media of synovia l  c e l l s  and d ige s t ed  w i th  
chondro i t inase  ABC (8). Locat ion of a u t h e n t i c  unsa tura ted  d i s accha r ide  
s t anda rds  a r e  shown: Adi-HA from hyalurona te  (HA); Adi-4s from chond ro i t i n  
4-su l fa te ;  Adi-6s from chond ro i t i n  6-su l fa te .  1 and 3 = c o n t r o l  synovia l  
c e l l s  (14c and 3 5 ~ ,  r e s p e c t i v e l y ) ,  2 and 4 = e f f e c t s  on synovia l  c e l l s  of 
syov iocy t e -de r i ved  I L  1 and 3 5 ~ ) ;  5 and 7 = c o n t r o l  synovia l  c e l l s  
( 4~ and 's) ; 6 and 8 = e f f e c t s  on synovia l  c e l l s  of macrophage de r i ved  
I L  1 ( l  4~ and ' s )  . 

TABLE 11. RADIOACTIVE COUNTS AND N-ACETYLHEXOSAMINE CONTENT IN THE 
UNSATURATED DISACCHARIDES SEPARATED BY THIN LAYER CHROMATOGRAPHY 

(SEE FIG. 1) 

Unsaturated CPm N-acetylhexosamine c P* 

Conditions Disaccharide (14c/lo5 cells) (ug/105 cells) ( 3 5 ~ / 1 ~ 5  cells) 

Control 

Control HA 1489 

CS-4 

CS-6 

Synoviocyte IL 1 HA 

CS-4 

CS-6 

HA 1106 

CS-4 298 

CS-6 179 

Macrophage IL 1 HA 15,723 

CS-4 1687 

CS-6 41 7 
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Kav pH 

FIG. 2. Cofractionation of synoviocyte-derived IL 1 and the factor that 
stimulates GAG synthesis. The synoviocyte-derived IL 1 was partially puri- 
fied by affinity chromatography over Sepharose-bound rabbit anti-human 
leukocytic pyrogen. (A) The IL 1 was further fractionated by chromatography 
over Sephadex G75. Fractions were assayed either for their ability to enhance 
GAG synthesis by adherent human synoviocytes (A) or to enhance the proliferation 
of C~H/H~J thymocytes with phytohemagglutinin (0). (B) The fractions eluting 
with a Kav of 4.5-6.5 were pooled and further analyzed by isoelectric focusing. 

To determine whether IL 1 is in- 
deed the factor responsible for en- 
hanced GAG synthesis, the biochemical 
properties in chromatographically puri- 
fied synoviocyte derived IL 1 is shown 
in Fig.2. The fractions with the 
highest thymocyte comitogenic activity 
also showed the ability to augment sy- 
novial cell hyaluronate synthesis 
whether they were obtained by gel fil- 
tration or by isoelectric focusing. 
These fractions also enhanced PGE2 pro- 
duction by synovial cells (7). 

In contrast to the use of well 
characterized IL 1 reported here, less 
clearly defined mononuclear cell cul- 
ture media supernatants have been used 
by others to study GAG synthesis by 
mesenchymal cells. The predominant 
effect reported has been to augment 
synovial cell hyaluronate synthesis 
(16,17) A connective tissue activa- 
ting peptide (CTAP) derived from plate- 
lets (I) and lymphocytes (111) also 
stimulated GAG synthesis by synovial 
cells (15). CTAP-I differs from IL 1 
in its more strongly cationic nature 
and its inability to stimulate syn- 

thesis by synovial cells in the pres- 
ence of a prostaglandin antagonist (15). 

In conclusion, cellular events me- 
diated by synoviocyte-derived IL 1 
could play a role in mesenchymal cell 
response to arthritic diseases by pro- 
moting degradation of connective tissue 
components through the release of col- 
lagenase, proteases, and PGE2, or re- 
pair by virtue of inducing hyaluronate 
synthesis. 
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