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Plasminogen activators in synovial fluid and plasma
from patients with arthritis

E J P Brommer, G Dooijewaard, B A C Dijkmans, F C Breedveld

Abstract
The activity of plasminogen activators and
inhibitors in the synovial fluid and plasma of
patients with various forms of chronic arthritis
was characterised. Tissue-type plasminogen
activator antigen (t-PA:Ag), urokinase-type
plasminogen activator antigen (u-PA:Ag), the
proenzyme single chain u-PA (scu-PA), and
plasminogen activator inhibitor (PAI) were
measured in the synovial fluid and plasma of
22 patients with seropositive rheumatoid
arthritis (RA), 13 with seronegative RA, and
23 patients with various forms of arthritis. In
all patient groups the levels of t-PA:Ag in
synovial fluid were lower and the levels of u-
PA:Ag and PA higher than plasma levels.
Synovial fluid u-PA was more activated than
plasma u-PA. Comparison of the patient
groups showed that the largest differences
between fibrinolytic parameters in synovial
fluid and plasma were present in patients with
seropositive RA followed by patients with
seronegative RA and patients with various
forms of arthritis. This order paralleled the
functional and radiological scores of joint
destruction in the patient groups studied. The
results of this study indicate that suppression
of t-PA production and enhancement of u-PA
synthesis and activation in arthritic joints are
associated with the clinical severity ofarthritis.
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Removal of fibrin may be crucial for the
preservation of the function of arthritic joints.
Fibrin degradation products have been demon-
strated in arthritic synovial fluid, which sug-
gests that fibrinolysis occurs in the joint cavity.'
Indeed, the essential components of the fibrino-
lytic system are available in arthritic effusions.27
Tissue-type plasminogen activator (t-PA) is
produced in an active form and is rapidly
neutralised by plasminogen activator inhibitor
(PAI). In contrast, urokinase-type plasminogen
activator (u-PA) is released in a latent form,
single chain u-PA (scu-PA), which can be
activated to two chain u-PA by trace amounts of
plasmin.8 9 The two forms ofu-PA are detectable
as u-PA antigen (u-PA:Ag) even when the
activated form is bound to inhibitors.'0 The
actual generation of plasmin, the proteolytic
enzyme responsible for the breakdown of fibrin,
has been witnessed in synovial fluid of patients
with arthritis by the presence of plasmin-
antiplasmin complexes.5

There is ample evidence that proteolytic
enzymes play a part in the pathogenesis of joint
destruction in patients with arthritis. Enzymes

of the fibrinolytic system may contribute to the
degradation of components of connective tissue.
Plasmin has the capacity to degrade proteo-
glycans' 1-13 and to activate procollagenase to
collagenase.'4 Changes in the concentration of
fibrinolytic enzymes or their inhibitors may
therefore be of significance for the pathogenesis
of joint destruction in chronic arthritis. In this
study we characterised the plasminogen acti-
vators in patients with several types of arthritis:
t-PA:Ag, u-PA:Ag, and the concentration of
PAI were measured in synovial fluid and
plasma. The data were compared with those of
plasma obtained from healthy subjects.

Patients and methods
Synovial fluid and blood samples were collected
from 58 consecutive patients attending the
outpatient clinic of the department of rheuma-
tology with arthritis of the knee joint for which
aspiration of synovial fluid was considered
necessary. Thirty five patients had rheumatoid
arthritis (RA) according to the American
Rheumatism Association criteria. 5 Twenty two
of these patients were positive and 13 negative
for IgM rheumatoid factor as measured by an
enzyme linked immunosorbent assay (ELISA). 6
The remaining group of 23 patients, designated
as having various forms of arthritis, consisted of
nine patients with reactive arthritis, four with
ankylosing spondylitis, seven with psoriatic
arthritis, and three with oligoarticular arthritis.
All patients with arthritis were receiving non-
steroidal anti-inflammatory drugs. In addition,
four of the patients with RA were treated with
gold, three with hydroxychloroquine, three
with D-penicillamine, three with azathioprine,
four with salazosulphapyridine, and four with
methotrexate. No patient had received an intra-
articular injection within four weeks before the
aspiration of synovial fluid. Plasma samples
from 17 apparently healthy subjects were also
analysed. The functional ability of the patients
with arthritis was measured by the Steinbrocker
classification criteria. 17 Radiographs ofthe knees
were assessed according to the criteria of
Kellgren. 8 Erosions were scored on a five point
scale, where O=no abnormalities, I =doubtful
abnormalities, 2=mild but definite abnor-
malities, 3=moderate erosions, and 4= severe
destructive lesions or ankylosis, or both. The
percentage of joints affected was defined as the
number of joints with erosions with a score of 2,
3, or 4, or joint space narrowing, or both.
Nine parts of synovial fluid were collected in

one part of 0-11 mol/l sodium citrate. From all
patients blood was obtained on the day of joint
puncture. Plasma was prepared by centrifugation
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of cooled citrated blood (9:1). Plasma and
synovial fluid were stored at -80°C until
analysis.

Plasma and synovial fluid u-PA:Ag and scu-
PA were determined using a combination of an
ELISA and a biological immunoassay.'0 The
lower detection limit in our material was 01,
0-2, or 0-4 ng/ml, according to the dilution
used, which depended on the available amount
of plasma or synovial fluid (either 50, 25, or
12-5 1d, respectively).
Plasma and SF t-PA:Ag was assayed by an

enzyme immunoassay, using antibodies to t-PA
(Immulyse, Biopool, Umea, Sweden). PAI
activity was measured by titration of diluted
plasma with t-PA'9; results of PAI activity are
expressed as a percentage of a standard plasma
pool.

STATISTICAL ANALYSIS
Means and standard deviations were calculated
after eliminating aberrant values according to
the slippage test.20 21 Differences between

Table I Demographic and clinical data of the patients studied

I'atient groups

Seropositive Seronegative Div
rheumatoid rheumatoid Jrn
arthritis arthritis arth
(n=22) (n= 13) (n=

Men/women 15/7 8/5 13/]
Mean (SD) age (years) 57 (18) 53 (16) 49 (
Mean (SD) duration of arthritis (years) 13 (6) 12 (6) 4 (3
Mean (SD) Steinbrocker score 1-96 (0-86) 1-32 (0-61) 1 1
Radiological abnormalities (%) 81 39' 26*
Mean (SD) joint erosion score 3 1 (0 9) 2-0 (0 6):' 1-6
Mean (SD) erythrocyte sedimentation rate
(mm/hr) 60(32) 36(17)* 31(

Mean (SD) platelet count (x 10'/l) 371 (144) 287 (62) 292

'Comparison with patients with seropositive rheumatoid arthritis; p<0 01.
*Comparison with patients with seropositive rheumatoid arthritis; p<0-001.

***Comparison with patients with seropositive rheumatoid arthritis and seronegative rhe
arthritis; p<0001.
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Figwe I Ranos of issue-typeplainogen activator antigen (t-PA:Ag) to urokinam
plasminogen activator antigen (u-PA:Ag) in ynovialfluid (SF) andplasma ofpatie
seropositive RA (sero+), seronegative RA (sero-), and miscellaneous formns ofarth,i
(misc). The ratios in ynovialfluid were not normally distributed and medians (grey b
and 75 cintiles (vertical lines) are given; the ratios in plasma are expressed as mean ('
The differences with valuesfound in seropositive RA are given: 'p<O002; *p<O OO.
**p<OOOOS (Mann-Whitney).

means were evaluated with Student's t test after
omitting the aberrant values. Ratios were
compared with the Mann-Whitney test.

Results
PATIENTS
The patients with arthritis studied were divided
into three groups: seropositive RA, seronegative
RA, and various forms of arthritis. The groups
did not differ with respect to age and male to
female ratio. The disease duration in the group
with various forms of arthritis was shorter on
average compared with the groups of patients
with RA. Table 1 shows that patients with
seropositive RA had higher scores for functional
disability, more radiological abnormalities,
more erosions of the aspirated knee joint, and a
higher erythrocyte sedimentation rate and plate-
let count compared with patients with sero-
negative RA and patients with various forms of
arthritis. These clinical parameters were less
abnormal in patients with various forms of
arthritis compared with patients with sero-
negative RA but the differences were not
statistically significant.

PLASMA t-PA:Ag, u-PA:Ag, AND PAI
Table 2 shows that the t-PA:Ag concentration

1 of in the plasma of patients with seropositive RA
in2tis was significantly lower than in the plasma of23) patients with seronegative RA, various forms of
10 arthritis, or plasma from healthy control subjects(21)I)** (p<001). In contrast, the u-PA:Ag concentra-
4* (0-51) tion in plasma of patients with seropositive RA
(07)|* was significantly higher compared with patients
(28)' in theothergroupsorhealthycontrols(p<00X05).
'(105) Figure 1 gives the ratios of t-PA:Ag and u-

PA:Ag in plasma of the patient groups and
healthy controls. This ratio was lower in the

tumatoid patients with seropositive RA than in the other
patient groups.
The PAI concentrations in plasma did not

differ between the patient groups but all were
6 significantly lower when compared with the

concentrations in healthy controls (p<002;
table 2).

5

SYNOVIAL FLUID t-PA:Ag, u-PA:Ag, AND PAI
< The concentration of t-PA:Ag in synovial fluid
' ofpatients with seropositiveRA was significantly
0 lower than in patients with seronegative RA or3 other forms of arthritis (p<0005). Concentra-
'r tions of t-PA:Ag in synovial fluid of all patient

2 0 groups were significantly lower than the plasma
X levels (p<0 005) (table 3). The concentrations

of u-PA in synovial fluid of all patient groups
were significantly higher (p<0001) than in
plasma but these concentrations did not differ
significantly between the patient groups. The

0 ratios of t-PA:Ag and u-PA:Ag in synovial fluid
of the patient groups studied are given in fig 1.
The differences between all groups were statis-

ms with tically significant. As a result of the differences
tis in t-PA:Ag and u-PA:Ag in synovial fluid and
sars) plasma the t-PA:Ag to u-PA:Ag ratios in theseSD)..~ compartments differed by at least a factor of 10

(fig 1).
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Table 2 Mean (SD) plasma concentrations ofplaminogen activators and inhibitor obtained
from patients with different forms of arthritis and healthy control subjects

l'arameter Patients Healthv
measured* contlrol

Seropositive Seronegative Diverse subjects
rheumatoid rheumatoid forms of
arthritis arthritis arthritis
(n=22) (n=13) (n=23) (n=-17)

t-PA:Ag (nglml) 6-7 (6-2) 11-1 (50) 12 8 (5-8) 10 9 (4 6)
u-PA:Ag (ng/ml) 4-8 (1-6) 3-2 (0-7) 3 5 (0-8) 3 5 (1 1)
PAIt 59 (28) 64 (37) 75 (29) 122 (80)
scu-PA (ng/mI) 1-6 (0-4) 17 (0-4) 1-9 (0 5) 2-1 (0-3)

*(t-PA:Ag) Tissue-type plasminogen activator antigen; (u-PA:Ag) urokinase-type plasminogen
activator antigen; (PAI) plasminogen activator inhibitor; (scu-PA) single chain urokinase plasmino-
gen activator.
tPercentage of a standard plasma pool.

Table 3 Mean (SD) snoial fluid concentrations of plaminogen activators and inhibitor
obtained from patienus with different forms of arthritis

Plarameter Patients
measured*

Seropositive Seronegative Diverse
rheumatoid rheumatoid forms of
arthritis arthritis arthritis
(n=22) (n= 13) (n=23)

t-PA:Ag (ng/ml) 1i5 (15) 4-1 (4-0) 3-2 (2-3)
u-PA:Ag (ng/ml) 23-8 (14-7) 22-1 (8-4) 19-9 (14-9)
PAIt 272 (166) 232 (114) 186 (135)
scu-PA (ng/ml) 1-9 (1-6) 5 8 (2-2) 4-0 (1-6)

*(t-PA:Ag) Tissue-type plasminogen activator antigen; (u-PA:Ag) urokinase-type plasminogen
activator antigen; (PAl) plasminogen activator inhibitor; (scu-PA) single chain urokinase plasmino-
gen activator.
tPercentage of a standard plasma pool.

As for u-PA:Ag, the PAI concentrations in
synovial fluid of all patient groups were signifi-
cantly higher than in plasma (p<0005),
whereas the differences between the patient
groups did not differ significantly (table 3).

ACTIVATION OF u-PA IN PLASMA AND SYNOVIAL
FLUID
Not only total u-PA:Ag, but also scu-PA levels
were significantly higher in synovial fluid than
in plasma in all groups of patients with arthritis
(p<O-OO1; tables 2 and 3). When scu-PA is
activated to the active enzyme, the ratio of scu-
PA to total u-PA:Ag in plasma or in synovial
fluid will decrease. Consequently, this ratio can

be regarded as a measure of the activation of u-

PA. For all groups of patients with arthritis the
mean ratio between scu-PA and u-PA:Ag was
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CD
0~

0)

0-50

0-25 F ...
'.¢..: .. .. :::...,:

_ .......... hl..__
Control Sero+ Sero- Misc

Figure 2 Ratios ofsingle chain u-PA (scu-PA) to
urokinase-ypeplasminogen activator antigen (u-PA.Ag) in
plasma (open bars) and ynovilfluid (grey bars) ofpatients
with seropositive RA (sero+), seronegative RA (sero-),
and miscellaneousforms ofarthritis (misc) and healthy
controls. Differences with seropositive RA are indicated:
**p<O(00I (Mann-Whitney).

lower in synovial fluid than in plasma-that is,
the degree of activation of u-PA was higher
(p<0025; fig 2). The degree of activation in
plasma was significantly higher in patients with
seropositive RA than in the other groups of
patients with arthritis and higher than in
healthy controls. In synovial fluid, differences
between patients with seropositive RA and
those with other forms of arthritis did not reach
statistical significance.

Discussion
The results of this study show considerable
differences between synovial fluid and plasma
concentrations of the components of the fibrino-
lytic system in patients with arthritis. In synovial
fluid the t-PA:Ag concentration was lower
whereas the u-PA:Ag and PAI concentrations
were higher than plasma levels. Consequently,
the ratio of t-PA:Ag to u-PA:Ag was on average
ten times lower in synovial fluid than in plasma.
Furthermore, in all patient groups the mean
ratio between scu-PA and u-PA:Ag was signifi-
cantly lower in synovial fluid, which indicates a
higher degree of u-PA activation in synovial
fluid than in plasma. Comparison of the patient
groups showed that the largest fibrinolytic
changes in synovial fluid were present in patients
with seropositive RA followed by patients with
seronegative RA and various forms of arthritis.
Within the latter group, no significant differ-
ences in the concentration of synovial fluid
fibrinolytic parameters were found between
patients with different forms of arthritis (data
not shown).

The presence ofu-PA as the main plasminogen
activator in synovial fluid of patients with
arthritis confirms earlier observations." The
u-PA in joint fluid may originate from several
sources. Cultured synovial fibroblasts, as well as
chondrocytes, macrophages and endothelial
cells have been shown to produce u-PA.2226
The effect of increased u-PA:Ag concentrations
and increased u-PA activation in the arthritic
joint is unclear. Fibrin is persistently present in
synovial fluid, which suggests that u-PA is
prevented from the complete activation of
plasminogen and from dissolving fibrin. If the
complementary and synergistic activation of
fibrin bound plasminogen by u-PA and t-PA, as
proposed by Gurewich,27 requires a certain
balance between t-PA and u-PA, the disturbance
of the normal ratio could reduce the fibrinolytic
potential. The high levels of PAI found in the
synovial fluid of arthritic joints may also con-
tribute to the incomplete effect of the plasmino-
gen activators on fibrin dissolution as fibrinolytic
activity is greatly influenced by PAI activity.28 29
Differences in the synovial fluid fibrinolytic
parameters between patient groups with various
forms of inflammatory arthritis have not pre-
viously been reported. The ratio t-PA:Ag/u-
PA:Ag and the activation of u-PA in the group
of patients with arthritis paralleled the func-
tional and radiological scores of joint destruction.
This relation may be secondary to differences in
the production of cytokines. It has been shown
that interleukin I and tumour necrosis factor
stimulate the production of u-PA:Ag and PAI

U.C I I'
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and inhibit the output of t-PA in cultures of
endothelial26 or mesothelial30 cells. Interleukin
1 and tumour necrosis factor were also shown to
induce a decrease in the ratio of scu-PA to u-
PA:Ag.26 Interleukin 1 and tumour necrosis
factor are actively produced in the chronic
inflamed joint and are known to initiate a series
of destructive processes when injected into
joints. 31-33 Therefore the results of this study
suggest that changes in the local concentration
of fibrinolytic enzymes may be one of the
pathways along which cytokines induce joint
destruction.
A comparison of the fibrinolytic changes in

plasma of the patient groups investigated
showed that the t-PA:Ag to u-PA:Ag ratio and
the scu-PA to u-PA:Ag ratio of patients with
seropositive RA was significantly reduced com-
pared with the other groups of patients with
arthritis. Similar changes have been reported in
patients with sepsis.34 For arthritis, it is
unlikely that these changes are due to an
overflow of u-PA from the joints into the
circulation, because high plasma levels of u-PA
do not parallel synovial fluid levels. The change
may reflect the systemic nature of the inflam-
matory process in patients with seropositive
RA.

Synovial fluid u-PA activity can be reduced
by the administration of inhibitors. Administra-
tion of u-PA inhibitors to experimental animal
models of arthritis suggests that such treatment
may protect against joint destruction. Pre-
liminary studies in patients with RA and osteo-
arthritis have shown that intra-articular injec-
tions of u-PA inhibitors lead to a significant
reduction in local u-PA activity.6 36
The results of this study support the hypo-

thesis that changes in the concentration of
plasminogen activators are of pathophysiological
significance for joint destruction in arthritis. It
remains to be established whether normalisation
of the t-PA to u-PA ratio and the degree of
activation of u-PA can reduce the severity of
joint lesions in patients with chronic arthritis.
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