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A b s t r a c t .  Synovial  e f f u s i o n s  were ob ta ined  from t h e  knees of 
15  s u b j e c t s  w i t h  j o i n t  trauma, menisceal  o r  l igamentous i n j u r y ,  o r  
o s t e o a r t h r i t i s .  Heparin-Sepharose a f f i n i t y  chromatography of t h e s e  
s y n o v i a l  f l u i d s  r e v e a l e d ,  i n  g e n e r a l ,  t h r e e  major peaks of mito- 
g e n i c  a c t i v i t y  a s  measured by i n c o r p o r a t i o n  of 3 ~ - t h y m i d i n e  i n t o  
3T3 c e l l s .  Grad ien t  e l u t i o n  p a t t e r n s  showed a c t i v i t i e s  a t  0.5M 
NaC1, which i s  c h a r a c t e r i s t i c  of p l a t e l e t  d e r i v e d  growth f a c t o r ,  
and a t  1.1M NaCl and 1.6M NaC1, i n d i c a t i v e  of a c i d i c  and b a s i c  
f i b r o b l a s t  growth f a c t o r s ,  r e s p e c t i v e l y .  The i d e n t i t i e s  of t h e s e  
mi togenic  f r a c t i o n s  were confirmed by s p e c i f i c  immunologic and 
recep tor -b ind ing  assays .  The presence  of p l a t e l e t  d e r i v e d ,  a c i d i c  
and b a s i c  f i b r o b l a s t  growth f a c t o r s  i n  t h e  s y n o v i a l  f l u i d  may 
c o n t r i b u t e  t o  wound h e a l i n g  i n  t h e  a r t h r i t i c  j o i n t .  Q 1987 Soc ie ty  f o r  
Experimental Biology and Medicine 

Growth f a c t o r s  t h a t  promote pro- 
l i f e r a t i o n  and migra t ion  of c e l l s  have 
been i s o l a t e d  from c a r t i l a g e  (1 ,2 )  and 
bone ( 3 ) .  These growth f a c t o r s  may 
p l a y  a  r o l e  i n  t h e  r e p a r a t i v e  p r o c e s s e s  
i n  t h e  o s t e o a r t h r i t i c  j o i n t  where cap- 
i l l a r i e s  and mesenchyrnal c e l l s  m i g r a t e  
from subchondral  bone t o  t h e  j o i n t  sur -  
f a c e  and produce new c a r t i l a g e  and 
bone. A c a r t i l a g e  d e r i v e d  growth 
f a c t o r  (CDGF) ( 2 ) ,  a  c a t i o n i c  18,000 
molecular  weight  po lypept ide  t h a t  
appears  t o  be  s i m i l a r  t o  b a s i c  f i b r o -  
b l a s t  growth f a c t o r ,  produces i n  c e l l  
c u l t u r e s  many of t h e  changes t h a t  occur  
w i t h i n  t h e  o s t e o a r t h r i t i c  j o i n t  
v i v o ,  such a s  chondrocyte and syno- 
v i a l  c e l l  p r o l i f e r a t i o n  w i t h  enhanced 

h y a l u r o n a t e  s y n t h e s i s ,  and angiogenes i s  
( 4 )  

Chromatography on hepar in -  
Sepharose h a s  been used a s  a  method f o r  
c h a r a c t e r i z i n g  and s e p a r a t i n g  growth 
f a c t o r s  ( 5 ) .  P l a t e l e t  der ived  growth 
f a c t o r  (PDGF) b i n d s  weakly t o  h e p a r i n  
and e l u a t e s  a t  0.5M NaC1. Acid ic  and 
b a s i c  f i b r o b l a s t  growth f a c t o r s  (aFGF, 
bFGF) have s t r o n g e r  a f f i n i t i e s  f o r  
h e p a r i n ,  e l u t i n g  a t  about  1.1M NaCl 
and 1.6M NaC1, r e s p e c t i v e l y .  W e  used 
heparin-Sepharose chromatography t o  
demonstrate  growth f a c t o r s  i n  e f f u s i o n s  
ob ta ined  from s u b j e c t s  w i t h  knee com- 
p l a i n t s  r e l a t e d  t o  i n j u r y  o r  t o  osteo-  
a r t h r i t i s  (OA). Although t h e i r  d i s -  
t r i b u t i o n  v a r i e d  from p a t i e n t  t o  
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patient, we report the identification 
of PDGF, aFGF and bFGF in many of these 
joint fluids. 

Subjects and Methods, A total of 
15 subjects with knee complaints pro- 
vided informed consent for an indicated 
knee aspiration, and were divided into 
3 groups. 

Group I - those with acute spon- 
taneous or traumatic knee effusions of 
a few days duration. 

Group I1 - those undergoing 
arthroscopy for knee complaints that 
were recurrent for months to a year or 
more (a), or for whom only joint aspi- 
ration was performed (b). 

Group 111 - those with knee com- 
plaints of several years duration with 
classical clinical and radiographic 
findings of OA who were undergoing 
total knee replacement. 

Collection and fractionation of syno- 
vial fluids. Synovial fluid was col- 
lected in chilled sterile tubes con- 
taining citrate, gentamycin, and pro- 
tease inhibitors (benzamidine, EDTA, 
iodoacetic acid and PMSF). In no in- 
stance was any blood observed grossly 
in the fluid. Cell counts were done 
and the fluid centrifuged (10,000 x 
20 min) and stored at 4OC until used. 
Between 12-15 ml of fluid were treated 
with 10 TRU of streptomyces hyaluroni- 
dase (Miles Labs, Naperville, IL) and 
incubated for 15 min at 37eC.  Heparin- 
Sepharose (Pharmacia, Piscataway, NJ) 
affinity chromatography (2) was carried 
out at 4OC (column 0.7 x 4.0 cm) with 
gradient elution (30 ml 0.2M - 2M NaC1, 
0.01M Tris HC1, pH 7.4). 

Assays for growth factors. Sam- 
ples (10 ul) of each fraction were 
tested for mitogenic activity by 
measuring incorporation of 3~-thymidine 
into DNA of confluent quiescent BALB/C 
3T3 cells (2). One unit of growth fac- 
tor activity is defined as that induc- 
ing half maximal DNA synthesis. 

Fractions obtained from the 0.5M 
eluates from heparin-Sepharose chroma- 
tography were tested directly for PDGF 
by a radioreceptor assay (6). The 1.1M 
and 1.6M eluates from heparin-Sepharose 
chromatography were further purified by 

reverse phase HPLC (2) to permit 
immunological assays: Western blot 
analysis for aFGF (7), and immuno-slot- 
blot analysis for bFGF (8) . 

Results and discussion. Heparin- 
Sepharose affinity chromatography was 
used to isolate and characterize growth 
factors in human synovial fluids ob- 
tained from patients with knee injury 
or osteoarthritis. A total leukocyte 
count of 1000/mm3 or less in all 
fluids indicated a low grade state of 
joint inflammation. 

Before analyzing the synovial flu- 
ids, known growth factor standards 
were separated by heparin-Sepharose 
chromatography and NaCl gradient 
elution. The column fractions were 
then tested for mitogenic activity on 
3T3 cells (Fig. 1). Human serum (3ml) 

Fraction Number 

Fig. 1 - Heparin-Sepharose affinity 
chromatography and NaCl gradient elution 
of growth factor standards. Each fraction 
was tested for mitogenic activity by 
measuring the incorporation of 3H- 
thymidine into 3T3 cells. A=PDGF in 0.5M 
eluate fractions; B=aFGF in 1.1M eluate 
fractions; C=CDGF (similar to bFGF) in 
1.6M NaCl eluate fractions. 
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PDGF 

Fraction Number 

Fig.2 - Heparin-Sepharose affinity chromatography and NaCl gradient elution of - 
a synovial fluid sample ( / I 8  in the table). Peaks of mitogenic activity correspond 
to the location of growth factor standards: PDGF, aFGF and bFGF (see Fig. 1). 

was used a s  a  source  of PDGF s i n c e  t h i s  
growth f a c t o r  i s  r e l e a s e d  from alpha-  
g r a n u l e s  of p l a t e l e t s  dur ing  t h e  c l o t -  
t i n g  p r o c e s s  ( 9 ) .  F r a c t i o n s  e l u t i n g  
a t  about  0.5M NaCl showed mi togenic  
a c t i v i t y  f o r  3T3 c e l l s  (F ig .  1A) and 
conta ined  PDGF (11.6 ng) a s  determined 
by t h e  r a d i o r e c e p t o r  a s s a y .  The o t h e r  
s t a n d a r d s  used were p u r i f i e d  aFGF, and 
CDGF a s  a  source  of bFGF; t h e s e  were 
der ived  from bovine b r a i n  (7 )  and 
c a r t i l a g e  ( 2 ) ,  r e s p e c t i v e l y ,  and were 
p r e s e n t  i n  f r a c t i o n s  e l u t i n g  a t  1.1M 
NaCl (F ig .  1B) and 1.6M NaCl (F ig .  1C). 

Synovial  f l u i d  samples were ap- 
p l i e d  t o  s i m i l a r  heparin-Sepharose 
columns. I n  12 of 15 samples of syno- 
v i a l  f l u i d  s t u d i e d ,  one o r  more peaks 
of mi togenic  a c t i v i t y  were observed i n  
t h e  e l u a t e  f r a c t i o n s  a s  judged by en- 
hanced 3 ~ - t h y m i d i n e  up take  by 3T3 
c e l l s .  However, t h e r e  was c o n s i d e r a b l e  
v a r i a t i o n  i n  t h e  p a t t e r n s  of mi togenic  
a c t i v i t y  i n  t h e  e l u a t e s  from each sam- 
p l e  of s y n o v i a l  f l u i d  t e s t e d .  F ig .  2  
shows a  r e p r e s e n t a t i v e  example, a s  
observed i n  7 of 12 f l u i d s ,  i n  which 
mi togenic  a c t i v i t y  was d e t e c t e d  a t  
e l u t i o n  p o s i t i o n  c h a r a c t e r i s t i c  of 
PDGF, aFGF, and bFGF. 

To e s t a b l i s h  t h e  i d e n t i t y  of t h e s e  
growth f a c t o r s ,  f r a c t i o n s  e l u t i n g  
s i m i l a r l y  t o  PDGF were monitored by a  
r a d i o r e c e p t o r  assay .  Those cor re -  
sponding t o  aFGF and bFGF were sub- 
j e c t e d  t o  HPLC and then  i d e n t i f i e d  by 
Western b l o t  a n a l y s i s  o r  immuno-slot- 

b l o t  t echniques ,  r e s p e c t i v e l y .  The 
r a d i o r e c e p t o r  and immunological as-  
says  r e v e a l e d  t h a t  PDGF was d e t e c t e d  
i n  8 of 15 samples of t h e  0.5M e l u a t e  
f r a c t i o n s  t e s t e d ,  aFGF was found i n  3 
of 6  samples of t h e  1.1M e l u a t e s  
t e s t e d ,  and bFGF was d e t e c t e d  i n  4 of 
4 samples of t h e  1 . 6 M  e l u a t e s  t e s t e d  
(Table 1 ) .  

T h i s  r e p o r t  i s  t h e  f i r s t  t o  es tab-  
l i s h  t h e  presence  of PDGF, aFGF and 
bFGF i n  synovia l  f l u i d s  ob ta ined  from 
p a t i e n t s  w i t h  j o i n t  c o n d i t i o n s  of 
vary ing  d u r a t i o n  (days t o  y e a r s )  and 
w i t h  low grade  inf lammation secondary 
t o  trauma, l igamentous o r  menisceal  
i n j u r y ,  o r  t o  OA. The number of sub- 
j e c t s  is  t o o  few t o  document any t r e n d s  
i n  r e l a t i o n  t o  t h e  c l i n i c a l  c o n d i t i o n  
of t h e  j o i n t .  We r e a l i z e  t h a t  t h e  
examinat ion of synovia l  f l u i d s  from 
i n d i v i d u a l s  w i t h  "normal" knee j o i n t s  
wi thout  e f f u s i o n s  w i l l  b e  of impor- 
t a n c e  i n  e v a l u a t i n g  t h e  s i g n i f i c a n c e  
of our  f i n d i n g s .  L imi t ing  f a c t o r s  i n  
such s t u d i e s  w i l l  b e  t h e  amount of f l u -  
i d  ob ta ined  ( o f t e n  l e s s  than  0.5ml) and 
t h e  need f o r  a  h igh  degree  of s e n s i -  
t i v i t y  i n  t h e  s p e c i f i c  a s s a y s  f o r  each 
growth f a c t o r .  Another a s p e c t  which 
may compl ica te  e v a l u a t i o n  of synovia l  
f l u i d s  i n  a  v a r i e t y  of a r t h r i t i c  con- 
d i t i o n s  i s  t h e  presence  of b i n d i n g  
p r o t e i n s ,  such a s  descr ibed  f o r  PDGF 
(9)  which can prevent  d e t e c t i o n  i n  
s p e c i f i c  assays .  Given such l i m i t a -  
t i o n s ,  t h e  f i n d i n g s  d e s c r i b e d  h e r e  a r e  
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TABLE I. PATIENTS STUDIED FOR GROWTH FACTORS IN JOINT FLUID 
-- 

Du r a  t i on 
Group P a t i e n t  Age/Sex Knee complaints PDGF ngm/ml* aFGF+ bFGF* 

I 
Ar throcentes is  

1 40 M 

I I 
Ar t h  roscopy 
I l a  3  46 F  

Arthrocentes i s  
I I b  7 59 M 

I l l  
To ta l  Knee Replacement 

8 days 0.065 pos. 

3  days 0  - 5  neg. pos. 

1 year neg . 
1 month 0.18 

3  years 0.13 

2 years neg . 

1 year neg . 

14 years 

15 years 

15 years 

6 years 

3  years 

12 years 

10 years 

2 years 

pos. 

0.04 

neg . 
0.02 

1.35 

0.13 

neg . 
neg . 
neg . neg . 

pos. 

pos. pos. 

neg. 

pos. 

* Values f o r  PDGF a r e  ca l cu la ted  on the  b a s i s  o f  ng/ml o f  o r i g i n a l  synovial  f l u i d .  
Neg. r e f e r s  t o  a  l eve l  below the  de tec t i on  1 i m i t  o f  the  assay, gene ra l l y  
< 0.02 ng/ml. 

+ For aFGF de tec t i on  based on Western b l o t  ana lys is ,  pos. = pos i t i ve ,  
neg. = negat ive.  

++ For bFGF de tec t i on  based on immuno-slot-blot ana lys is .  

s i g n i f i c a n t  and e s t a b l i s h  t h e  presence  
of a t  l e a s t  t h r e e  wel l -charac te r ized  
growth f a c t o r s  i n  human s y n o v i a l  f l u i d .  

A p l a t e l e t - d e r i v e d  beta-thrombo- 
g l o b u l i n  i n  s y n o v i a l  f l u i d  (10) may be  
a remnant of t h e  growth f a c t o r  termed 
CTAP-I11 ( 1 1 ) .  Other  l e s s  w e l l  def ined  
growth promoting components i n  j o i n t  
f l u i d  appear  t o  have angiogenic  e f f e c t s  
( 1 2 , 1 3 ) .  

Growth f a c t o r s  wi th  heparin-bind- 
i n g  p r o p e r t i e s  i n  t h e  s y n o v i a l  f l u i d  
probably a r i s e  l o c a l l y  from j o i n t  
components. bFGF may a r i s e  from 
e n d o t h e l i a l  c e l l s  and chondrocytes  ( 4 ) ,  
aFGF from bone ( 3 ) ,  and PDGF from 
p l a t e l e t s  (9 )  i n  t h e  j o i n t  f l u i d ,  o r  
e n d o t h e l i a l  c e l l s  o r  macrophage-like 
c e l l s  (9 )  i n  t h e  s y n o v i a l  membrane. 
These growth f a c t o r s  i n  s y n o v i a l  
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e f f u s i o n s  may c o n t r i b u t e  t o  t i s s u e  
r e p a i r  and f i b r o s i s  i n  t h e  j o i n t .  I n  
animal  s t u d i e s  PDGF (14) and CDGF (15) 
have been shown t o  enhance wound 
h e a l i n g ,  and a b ra in-der ived  FGF (16) 
promoted r e p a i r  i n  c a r t i l a g e  d e f e c t s .  

F u r t h e r  s t u d i e s  a r e  needed t o  
d e f i n e  t h e  r o l e  of t h e s e  growth fac-  
t o r s  i n  s y n o v i a l  e f f u s i o n s  and 
e s p e c i a l l y  i n  r e l a t i o n  t o  t h e  evolu- 
t i o n  of OA. 
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