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Synovial fluid concentration of five different
cytokines in rheumatic diseases

Carole I Westacott, John T Whicher, Ian C
Paul A Dieppe

Abstract
Interleukin-1,, interleukin-2, tumour necrosis
factor a, and the interferons, alfa and gamma,
were measured concurrently in synovial fluid
samples from 68 patients with rheumatic
diseases. Mean interleukin-1r concentrations
(130.3 (SD 22) pg/mI) were higher in synovial
fluids from patients with rheumatoid arthritis
(RA) than in those from patients with osteo-
arthritis (27-8 (4.5) pg/ml), while measurements
in synovial fluids from patients with sero-
negative spondarthritis were intermediate
(72-7 (32) pg/ml). Interleukin-2 and tumour
necrosis factor a concentrations were lower in
the inflammatory arthropathies (RA: 4-5 (0.6)
U/mI, 0.39 (0.04) ng/ml; seronegative spond-
arthritis: 3-1 (0.3) U/ml, 0-33 (0-03) ng/ml
respectively) than those in patients with
osteoarthritis (5-2 (0.6) U/mI; 0.05 (0.04) ng/ml).
Interleukin-2 and tumour necrosis factor a
concentrations correlated in all groups
(r=0-7), as did the interferons alfa and gamma
(r=0-7). There was no relation between inter-
leukin-l6 and either interleukin-2 or tumour
necrosis factor a, or between the interferons
and any other cytokine. Several distinct cyto-
kine patterns were noted. Synovial fluids from
two non-arthritic subjects were also examined:
interleukin-l,B concentrations were low,
but concentrations of the other cytokines
were higher than those seen in most arthritic
fluids.
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Inducible peptide cytokines associated with
host defence, inflammation, and tissue repair
have potential pathogenic activities which are
particularly relevant to the rheumatic diseases.
Interleukin-lfi (IL-1,B), interleukin-2 (IL-2),
tumour necrosis factor a (TNFa), interferon
alfa, and interferon gamma are among the many
cytokines that can act alone or in synergy as
mediators of tissue damage or chronic inflam-
mation and which have been implicated in the
pathogenesis of arthritis.'

Interleukin-l and TNFa are able to act
locally to induce bone and cartilage resorption2'
-a central feature of joint disease, and TNFa is
also able to accelerate proteoglycan degradation.5
IL-l, and TNFa have many in vitro activities
in common7-9-each can induce the production
of the other as well as that of other cyto-
kines,'0 11 and IL-13 can also induce IL-l1
gene expression. 12 Both cytokines, indepen-
dently or together with interferon gamma can
induce the proliferation of synoviocytes.' i315

Interleukin-lp and TNFa may stimulate
these cells to produce prostaglandins and
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proteases,'6 17 and both TNFa and interferon
gamma can induce chondrocyte production of
reactive oxygen species,'8 thereby potentially
amplifying the destructive process. Interferons
alfa and gamma can act together or alone to
stimulate class II major histocompatibility com-
plex antigen expression,'9 resulting in potentia-
tion of the inflammatory process through IL-2
induced mitogenesis of activated T cells,20 and
further production of interferon gamma,' IL-1,
and TNFa. 5 Much of the evidence comes from
in vitro studies and it is therefore difficult to
draw conclusions about in vivo effects. Probably,
however, the balance between cytokines is more
important than the concentrations of individual
cytokines.

Examination of joint fluid exudate for evi-
dence of cytokine production by surrounding
cells and tissues may provide some insight into
disease activity, and several research groups
have measured concentrations of cytokines in
synovial fluids. Bioassay methods provide valu-
able information about the many receptor medi-
ated activities of cytokines, though they do not
necessarily reflect cytokine production due to
interference by non-specific binding to other
proteins. They are impractical for use with large
numbers of samples.
With the recent introduction of cytokine

immunoassays concentrations ofmany cytokines
in biological fluids may be measured. We have
studied the concentrations of five cytokines in
synovial fluids from patients with both inflam-
matory and non-inflammatory arthritides in an
attempt to determine whether different patterns
of cytokine activity can be related to either
diagnosis or disease pattern. This paper reports
our initial cross-sectional data on the relative
concentration of cytokines in synovial fluid.

Patients and methods
PATIENTS
Synovial fluid was aspirated from the knee
joints of 68 patients with a variety of rheumatic
diseases when indicated for diagnostic or thera-
peutic reasons. Thirty seven patients presented
with classic rheumatoid arthritis (RA); 19
with clinical and radiological features of osteo-
arthritis-three with associated deposition of
calcium pyrophosphate; 12 with various sero-
negative spondyloarthropathies (one juvenile
chronic arthritis, one ankylosing spondylitis,
four reactive arthritis, six psoriatic arthritis),
who were combined to form a single group. Ten
patients had fluid aspirated from both knees,
two on more than one occasion, and 19 patients
provided more than one sample from the same
joint.
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Five cytokines in syovialfluids

Thirty nine patients (21 with RA, 10 with
osteoarthritis, eight with seronegative arthro-
pathies) were being treated with analgesics
alone or in combination with non-steroidal anti-
inflammatory agents or steroid injection into the
knee joint. Twenty nine patients (16 with RA,
nine with osteoarthritis, four with seronegative
arthropathies) were not receiving any drug
treatment at the time samples were obtained.

NON-ARTHRITIC SUBJECTS
Fluid was aspirated from the knee joint of two
subjects who tended to form 'fluid on the knee',
but had no symptoms or evidence of arthritis:
one healthy 54 year old man (subject 1), the
other a healthy 47 year old woman, whose knee
was aspirated after walking up stairs (subject 2).

SYNOVIAL FLUID
Synovial fluids were dispensed into sterile
containers and estimation of cell numbers, vis-
cosity, and turbidity made within two hours.
Samples for assay were centrifuged (1500 rpm,
15 minutes) to remove cellular debris before
storage at -70°C. One hundred and eleven
samples were collected over 18 months: 57 from
patients with RA, 27 from patients with osteo-
arthritis, and 27 from patients with seronegative
arthropathies. Fluids were assayed undiluted
after further centrifugation (18 000 rpm, 15
minutes) to remove material precipitated by the
freeze/thaw action.

CYTOKINE MEASUREMENT
All cytokine measurements were performed
with duplicates of each sample.

Interleukin-lB was measured by amplified
enzyme linked immunosorbent assay (ELISA;
Cistron, New Jersey, USA). Plates precoated
with monoclonal antibody to human IL-1,B were
incubated with 100 pl synovial fluid (two hours,
37°C), followed by further incubations with

Table I Clinical detais of patients included in the study

Rheumatoid Ostoartritis Seronegative
arthritis (n=37) (n=19) spondartritis

(n=12)

Sex 28 F, 9 M 16 F, 3 M 4 F, 8 M
Age (years)
Mean (SD) 58-9 (12-3) 72-9 (12-3) 40 (19-6)
Range 19-75 52-91 20-83

Disease duration (years)
Mean (SD) 12-3 (11-2) 12-7 (9-4) 10-2 (8-4)
Range 1-50 3-40 <1-27

Effusion volume (ml)
Mean (SD) 21-4 (23-9) 16-6 (14-4) 26-7 (22-3)
Range 1-147 2-72 1-70

Table 2 Cytokine concentration in ynovial fluids. Results are given as mean (SD)

Cytokine* Rheumaid arthitis Ostearthitis Seronegative
spondarthwitis

Concentration n Concentration n
Concentration n

IL-1l (pg/ml) 130-3 (22) 57 27-8 (4-5) 27 72-7 (3210) 27
IL-2 (U/ml) 4-5 (0-6) 56 5-2 (0-6) 27 3-1 (0-3) 26
TNFa (ng/mI) 0-39 (0 04) 54 0-5 (0-04) 24 0-33 (0-03) 24
IFNa (U/mi) 30 5 (8-4) 49 41-9 (9-9) 18 34-3 (8-3) 23
IFNy (U/mi) 44 (09) 43 6-7 (1-2) 15 4-8 (09) 22

*IL-1.=interlekin-1fp; IL-2=interleukin-2; TNFa=tuxmour necrosis factor a; IFNa=interferon
alfa; IFNy=interferon gamma.

polyclonal rabbit anti-IL-1 (two hours, 37°C)
and goat antirabbit IgG conjugated to horse-
radish peroxidase (30 minutes, room tempera-
ture). Excess reactants were removed by wash-
ing three times between each step with phos-
phate buffer (0-01 M, pH 7T4) containing 1%
bovine serum albumin. Addition of enzyme
substrate (o-phenylenediamine; 30 minutes,
room temperature) produced a chromogenic
product, whose absorption was measured at 490
nm. Assay sensitivity was 20 pg/ml. Between
and within batch variability (coefficient of
variation), which was dependent on concentra-
tion, was not greater than 10% and 7% respec-
tively (Cistron, New Jersey, USA).

Interleukin-2, TNFa, interferons alfa and
gamma were measured by radioimmunoassay
(IRE-Medgenix, Fleurus, Belgium). Synovial
fluid samples were preincubated with polyclonal
rabbit antiserum to the relevant antigens (18
hours), followed by incubation with radio-
labelled antigen (four hours) and antibodies to
rabbit IgG suspended in a buffer containing
polyethylene glycol, cellulose, and Tween 20 to
aid precipitation (20 minutes). Incubations were
performed at room temperature for IL-2,
TNFa, and interferon alfa and at 4°C for
interferon gamma. Bound antigen was separated
from free reactants by centrifugation (2400
rpm, 15 minutes, 10°C). Sensitivity for each
assay was 1 U/ml for IL-2, 0-1 ng/ml TNFa, 8-2
U/ml interferon alfa, and 2 U/ml for interferon
gamma. Between and within batch variability
(coefficient of variation) for all four assays was
dependent on concentration and not greater than
12% and 8% respectively (IRE-Medgenix,
Fleurus, Belgium).

C REACTIVE PROTEIN MEASUREMENT
Serum C reactive protein was measured by
immunoturbidometry using the COBAS Mira
(Roche Products, Welwyn, Herts). Antiserum
and calibrant were obtained from Atlantic
Antibodies, Westbrook, Maine, USA. Between
assay variability was 4-2%.

STATISTICAL ANALYSIS
Group differences were examined by Mann-
Whitney U test and correlations by Spearman's
rank correlation coefficient.

Results
Table 1 gives details of the patients studied. All
had significant effusions in one or both knees
requiring aspiration of fluid at the time of the
study. Large variations were seen in the volume
of fluid removed from the knees of different
patients, in individual patients on different
occasions, and in effusions from both knees of
the same patients.

Synovial fluid (10 ml) was aspirated from the
knee joint of subject 1 and 3-5 mi from the
other control, subject 2.

CYTOKINE CONCENTRATIONS IN SYNOVIAL FLUIDS
FROM DIFFERENT DIAGNOSTIC GROUPS
Table 2 shows the mean and standard deviation
of cytokine concentrations in patients classified
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Figure) Interleukin-ifi (IL-lI,) concentrations in synovialfluidsfrompatients with
rhewnatoid arthritis (RA), osteoarthritis (OA), and seronegative spondarthritis (SA) wtth
median values indicated (X). Mean values (SD) were 130-3 (22), 27-8 (4 5), and 72-7 (32)
pglml respectively. Measurements in the group with RA were significantly higher than those i1
the other two groups (p<0 001).

Table 3 Synovial flid cytokine concentratons in patients
with rhewmatoid arthritis showing different patterns of
interrelationship

Patient IL-If,* IL-2 TNFa IFNa IFNy
No (pglml) (Ulmi) (ng/ml) (Ulmi) (Ulml)

1 20 14-7 1-04 150 29-5
2 330 24 037 140 14
3 177 10-4 0-21 45 0 5-7
4 970 6-6 074 13-4 1 0
5 20 1-7 01 50 10
6 86 6-9 1 04 43-0 12 2

*For abbreviations see table 2.

lowest detection limit of the assay (20 pg/mil)
compared with 18 of 27 measurements in the
seronegative group and 16 of 57 in the RA
group.
Mean IL-2 and TNFa concentrations were

significantly lower in fluids from those with the
inflammatory arthropathies than in those from
the group with osteoarthritis (p<001), though

X the highest individual values were seen in RA.
For all three cytokines greatest variance was
seen within the group with RA (figs 1-3). Wide
variation in interferon alfa and gamma measure-

n ment was seen in all three disease groups, and
there was no significant difference between
them.

VARIATION IN CYTOKINE PATTERNS IN DIFFERENT
JOINTS
Large variations in the pattern of synovial fluid
cytokine concentrations were seen between dif-
ferent patients and in bilateral effusions from
the same patient. This was more apparent in
fluids from patients with RA. In some patients
with RA IL-1,B concentration was high and all
other measurements low, in some patients
IL-13 was at the lowest detection limit of the
assay and all other cytokine measurements high,
and in others all cytokine concentrations were
low (tables 3 and 4). No fluid showed all
cytokine concentrations to be correspondingly
high. Changes in sequential synovial fluid cyto-
kine concentrations were also greater in patients
with RA than in those with osteoarthris or
seronegative arthritides (tables 5-7).

x=3.0

.

J

RA OA SA

Figure 2 Interleukin-2 (IL-2) concentrations in novialfluidsfrom patients with
rheumatoid arthritis (RA), osteoarthritis (OA), and seronegative spondarthritis (SA) with
median values indicated (x). Mean values (SD) were 4-5 (0 6), 5-2 (0-6), and 3-1 (0-3)
Ulml respectively. Measurements in OA were significantly higher than those in the
inflammato,y arthropathies (p<0-01).

according to diagnosis. No significant dif-
ference in cytokine concentration was found
between fluids from patients not receiving drug
treatment (n=39) and those receiving analgesics
or anti-inflammatory agents (n=29).
Mean IL-1,6 measurements were significantly

higher in RA fluids than in those from patients
with osteoarthritis or the seronegative arthritides
(p<0001). Twenty one of 27 IL-1 measure-
ments in the osteoarthritic group were at the

CYTOKINE CONCENTRATIONS IN SYNOVIAL FLUIDS
FROM NON-ARTHRITIC SUBJECTS
Table 8 shows that cytokine concentrations
were similar in both subjects. Interleukin-l1
was at the lowest detection limit of the assay (20
pg/ml); concentrations of all other cytokines
measured were higher than those seen in most
samples from diseased joints.

CORRELATIONS BETWEEN CYTOKINES
A positive correlation was apparent in all groups
between IL-2 and TNFa (r=0-7) and the
interferons alfa and gamma (r=0 7) (figs 4 and
5). No correlation was found between IL-1j
and either IL-2 or TNFa or between the
interferons and any other cytokine.

C REACTIVE PROTEIN CONCENTRATION
C reactive protein concentrations in patient 11
(table 5) were significantly higher than normal
(<8 mg/ml), indicating inflammation.

(24-8)
(21 9)
(16*9)

x=2.6
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Figure 3 Tumour necrosis factor a (TNFa) concentrations in synovia
with rheumatoid arthritis (RA), osteoarthritis (OA), and seronegative sj
with median values indicated (x). Mean values (SD) were 0-39 (0-04)
(0-03) nglml respectively. Measurements in osteoarthritis were significan
in the inflammatory arthropathies (p<0-01).
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Figure 4 Correlation between interleukin-2 (IL-2) and tumour necrosi
synovialfluidsfrom all three diagnostic groups (n= 102). Spearman's ra
coeffwcient r=0- 7; p<0-001.

Table 4 Cytokines in ynmovial fluid from patients with
effsions from both knees

rheumato

Patient IL-If/B IL-2 TNFa IFNa
No:knee (pg/ml) (U/ml) (ng/ml) (U/mi)
7: right 20 3-7 0-14 20-0

left 20 4-0 0-27 25-0
8: right 132 2-6 0-35 3-1

left 40 2-6 0-39 3-1
9: right 20 21-9 - -

left 68 16-9 1-22 400
10: right 505 2-9 0-27 40-0

left 542 1-5 0-18 22-4

*For abbreviations see table 2.

Discussion
The recent introduction of cytokine specific
immunoastays has enabled us to examine
synovial fluids to determine concurrently the
concentration of five different cytokines and the
relation between them. As far as we know such
a study has not previously been reported.
Of the 111 fluids, tested 54 (49%) contained

IL-1 above the lowest detection limit of the
assay (20 pg/ml). Eighty nine per cent of these
fluids were from patients with inflammatory
arthropathies (74% RA; 15% seronegative

ix =035 arthropathy) compared with 11% from patients
& ~ * with non-inflammatory arthritides. Our find-

ings of increased immunogenic concentrations
of IL-l in RA synovial fluids compare with
measurements of functional activity by Ise et

I al,2' Fontana et al,22 and Wood et al,23 and are
SA supported by data showing production of IL-1,6

message24 and IL-1l6 molecule24 25 by RA
Ifluids fromn patients syoimpondarthritis (SA) synovium.
,0-5 (0-04), and 0-33 We found lower concentrations of IL-2 in
itly higher than those patients with the inflammatory arthropathies

than in those with non-inflammatory arthritides,
as previously reported.' It has been suggested
that complex formation between IL-2 and
soluble IL-2 receptor accounts for the low
concentrations of IL-2 and down regulation of
IL-2 dependent responses seen in RA, and
positive correlations between IL-1,6 and both
IL-2 and soluble IL-2 receptor have been
reported.26 We were unable to find a correlation
between IL-13 and IL-2 in 57 fluids from a
similar patient group, however.
Tumour necrosis factor concentrations, which

were lower in the inflammatory arthropathies
than in osteoarthritis, correlated with IL-2
measurements, and this is consistent with
evidence of IL-2 stimulated production of this
cytokine.27 Many stimuli induce both IL-1l6
and TNFa and thus it was interesting that we
found no correlation between these cytokines in
the synovial fluids examined or between the
concentrations of these cytokines and the
number of cells found in the fluids. Our
observations ofincreased TNFa in osteoarthritis
may reflect the participation of this cytokine in
cartilage resorption and inhibition of proteo-
glycan synthesis, and TNFa concentrations
have been related to disease duration in osteo-
arthritis.28

19284.8 The interferons alfa and gamma are thought
to initiate the production of both pro- and anti-
inflammatory mediators through selective B cell

tsfactor a (TNFa) in activation. 5 Our observation of a positive corre-
znk crrelation lation between these cytokines suggests some

sort of equilibrium between the potential tissue
damaging and remodelling capabilities and may
explain the high concentrations of both inter-

nd arthritis With ferons measured in synovial fluids from non-
arthritic subjects.

IFNy Cytokine concentrations measured in two(Ulmi) healthy subjects were very similar to each other
3-2 despite the fact that subject 1 produced fluid
235 spontaneously, whereas in subject 2 sufficient
1-9 fluid for aspiration was only generated as the

27-8 result of exercise. When measurements in
- healthy subjects were compared with those in
3-0 patients IL-1,6 concentrations were similar to

those in the non-inflammatory group. Inter-

U.~~~~
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Table 8 Synovial fluid cytokine concentrations in healthy
subjects
Subject IL-i#* IL-2 TNFa IFNa IFNy
No (pg/ml) (U/ml) (ng/ml) (U/ml) (Ulmi)

1 20 13-2 1-32 200 16-0
2 20 17-0 1-43 500 11-3

*For abbreviations see table 2.

0

IFNct (U/ml)

Figure S Correlation between the interferons alfa (IFNa) and gamma (IFNy) in synovial
fluidsfrom all three diagnostic groups (n=80). Spearman's rank correlation coefftcient
r=O 7;p<0 001.

Table S Cytokine concentrations in sequential synovial fluid samples from patients with
rheumatoid arthritis

Patient Time IL-I3* IL-2 TNFa IFNa IFNy Serum
No (months) (pg/ml) (U/ml) (ng/ml) (U/ml) (U/ml) CRP*

(mg/ml)

11 0 80 1-6 0-11 - - 100
8 130 4-0 044 12-0 2-5 150

4 0 320 2-1 0.1 - - -

3 970 6-6 0-74 13-4 1-0 -

*For abbreviations see table 2; CRP=C reactive protein.

Table 6 Cytokine concentrations in sequential synovial fluid samples from patients with
osteoarthritis

Patient Time IL-If3* IL-2 TNFa IFNa IFNy
No: knee (months) (pg/ml) (U/ml) (nglml) (U/ml) (U/mi)

12: right 0 20 6-6 0 55 - -
9 20 5-1 0-55 20 1-7

left 0 20 5-9 - - -
9 40 6-2 0-82 40 7-8

13: left 0 20 3-7 0-54 3-1 4-7
5 78 3-7 0-43 3-1 2-2

right 0 20 3-0 0-43 - -

5 128 3-9 0-42 - -

*For abbreviations see table 2.

Table 7 Cytokine concentrations in sequential synovial fluid samples from patients wnith
seronegative spondarthritis
Patient Time IL-ifi* IL-2 TNFa IFNa IFNy
No: knee (months) (pg/ml) (U/mi) (ng/ml) (U/ml) (U/ml)
14 0 20 0-5 0-10 8-4 1-6

4 20 3-1 0-11 21-6 1-5
10 20 2-2 0-31 13-0 2-1

15 0 20 1.9 0-12 13-2 2-5
3 20 3-0 0-37 28-0 -
8 20 2-9 0-38 17-0 3-4

16: right 0 40 1-7 0-1 - -
5 65 4-18 0-45 16-5 3-38

left 0 30 1-2 0 1 13-0 2-6
5 74 4-7 0-48 17-3 3-8

*For abbreviations see table 2.

leukin-2, TNFa, and interferon alfa and
gamma concentrations were considerably higher
in fluids from healthy subjects than in those
from most patients and were comparable only
with measurements obtained in one RA fluid
(table 3).

Although these results are intriguing, they
are difficult to substantiate or interpret. The
amount of fluid in most normal knee joints is
insufficient to aspirate enough to assay. These
subjects may be abnormal, though it is note-
worthy that they had relatively high concentra-
tions of many cytokines but no joint damage.
Measurement of these five cytokines concur-
rently in fluids from healthy subjects has not
previously been reported as far as we know.

Great variation was seen in the patterns of
cytokine concentration between different
patients, particularly in the group with RA,
although, interestingly, we did not measure any
RA fluids in which all cytokines were very high.
The fluid containing the highest measured
amount of IL-13 (970 pg/ml) contained only
moderate amounts of other cytokines (table 3).
The apparently independent nature of IL-1j
was reflected in the fluids from healthy subjects
as well as in many patient fluids, and in
effusions from both knees of the same patient.
For example, patients 8 and 10 (table 4) show a
different IL-1,B concentration in the left knee
effusion than in the right, though IL-2 and
TNFa concentrations were similarly low in all
four fluids.

Studying sequential samples of synovial fluid
from the same patient affords a different
perspective on cytokine interrelationships. In
patients with osteoarthritis (table 6) changes in
IL-i,B concentrations over time were not
accompanied by changes in other cytokines,
whereas in the seronegative group (table 7)
results were more variable. Samples from two
patients in the group with RA (table 5) both
showed corresponding increases in all cytokines.
In patient 11 these corresponded with an
increase in inflammation, as indicated by an
increase of serum C reactive protein, and a
worsening of clinical indices.

In some circumstances cytokine concen-
trations may reflect inflammatory disease
activity. Little is known about the dynamics of
synovial fluid and the exchange of molecules
with the circulatory system. Because of the
many and varied interactions of these five
cytokines the relative proportions of each in
synovial fluid are likely to be more important in
the disease process and in predicting outcome
than their presence in itself. Our continuing
studies will therefore include an attempt to
correlate these patterns with clinical indices and
radiological changes measured over several
years.
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