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Abstract
Objective
To investigate the synovial fluid levels of interleukin-1  (IL-1 ), tumour necrosisfactor- (TNF- ),
transforming growth factor- (TGF- ), IL-1 receptor antagonist (I1L-1ra), soluble IL-2 receptor (sIL-
2r) and IL-8 in patients with Behget's disease (BD) and to compare themto levelsin rheumatoid
arthritis (RA), and osteoarthritis (OA).

M ethods
The cytokine levels of BD (n = 14), RA (n = 15) and OA (n = 15) patients were assessed by enzyme-
linked immunosor bent method.

Results
Median synovial IL-1 and TNF- levelswere higher in RA compared to BD and OA patients. IL-1
levels were also higher in BD than OA whereas TNF levels were similar in these two groups. IL-1ra
and TGF- activity in BD were higher than OA but lower than RA. sIL-2r and IL-8 levels were
increased in BD and RA in comparison to OA patients.

Conclusion
The arthritis of BD is non-erosive and accordingly, its synovial fluid contains lower levels of cytokines
primarily involved in cartilage destruction, namely IL-1 and TNF- , than RA. IL-1ra and TGF might
serve as protective factors against erosion in the inflamed joints. High synovial fluid levels of sIL-2r
and IL-8 probably reflect a non-specific inflammatory process.

Key wor ds
Behcet’'s disease, rheumatoid arthritis, osteoarthritis, tumour necrosis factor, transforming growth factor
beta, interleukin-1, interleukin-8, soluble interleukin-2 receptor, interleukin-1 receptor antagonist.

Clinical and Experimental Rheumatology 2001; 19 (Suppl. 24): S37-$41.



Synovial cytokinesin Behget'sdisease/ |. Ertenli et al.

|. Ertenli, MD, Associate Professor of
Medicine; S Kiraz, MD, Associate
Professor of Medicine; M. Calgtineri, MD,
Professor of Medicine; I. Celik, MD, Asso-
ciate Professor of Medicine; M. Erman,
MD, Specialist of Internal Medicine;

|.C. Haznedaroglu, MD, Associate Profes-
sor of Medicing; S. Kirazli, MD.

Please address correspondence to:

Dr. lhsan Ertenli, 37. sokak, 11/5,

06490, Bahcelievler, Ankara, Turkey.
E-mail:ermanm@tr.net

Received on January 10, 2001; accepted
in revised form on May 28, 2001.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2001.

Introduction

The triad of recurrent oral, genital ul-
cerations and eye symptoms character -
izes Behcet's disease (BD) (1). Arthri-
tisis seen in about half of the patients
and manifests by recurrent episodes
which generally subside with no sequel
(2). As is the case for BD as a whole,
the pathogenesis of arthritis remains
poorly understood.

Reports on serum levels of some cyto-
kines such as TNF- in BD have pre-
viously been published (3). However,
to our knowledge, thereis no published
study on synovial fluid cytokine levels
inBD.

As the prototype of erosive arth-
ropathies, cytokine levels have been ex-
tensively studied in rheumatoid arthri-
tis(RA). IL-1and TNF- areimportant
mediators in cartilage degradation and
bone resorption, (4, 5) and elevated
serum and synovia fluid levels have
been demonstrated in RA patients (6,
7). On the other hand, several cytokines
like transforming growth factor-
(TGF- ) and interleukin-1 receptor an-
tagonist (IL-1ra) have a protective role
in bone and cartilage degradation (8,
9). Soluble interleukin-2 receptor (slL-
2R) levelsreflect T lymphocyte activa
tion (10). IL-8 is chemotactic for neu-
trophils and stimulates avariety of neu-
trophil functions, including degranula-
tion and respiratory burst (11).

In this study, we investigated the syn-
ovial fluid cytokine profile in BD,
while comparing them with RA as in-
flammatory and OA as non-inflamma-
tory contrals.

Patients and methods

Fourteen BD (11 male, 3 femae), 15
RA (4 male, 11 female) and 15 OA pa-
tients (3 male, 12 female) were en-
rolled in the study. All BD and RA pa
tients fulfilled the criteria of the In-
ternational Study Group (12) and the
American Rheumatism Association
(ARA) criteria (13), respectively. All
patients had knee effusions with sign(s)
of inflammation. ESR, CBC, CRP, RF,
X-rays of hands, feet and knees, blood
biochemistry, and synovial levelsof IL-
1, TNF- , IL-1ra, IL-2R, IL-8, TGF-
were obtained in al patients. Concomi-
tant serum levels of cytokines were
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also assessed. Patients were evaluated
in the morning hours to avoid diurnal
variations. Duration of morning stiff-
ness was also assessed in RA patients.
Synovia fluid samples were obtained
from involved knee joints by medial
approach and were transferred into
tubes containing 50 U/ml heparin for
total and differential cell counts and
into EDTA tubes for cytokine assays.
LDH, glucose and total protein levels
were determined in all samples. For cy-
tokine measurements, samples were
centrifuged at 3000 rpm for 15 minutes
at room temperature and stored at
-40°C until studied. All specimens
were also cultured in order to rule out
an infectious cause.
Cytokine levels were measured by
ELISA method using commercial kits.
TNF- levels were assayed by human
TNF- ELISA kit (Quantikine Immu-
noassays, R&D systems, HSTASO0,
Minneapolis, USA, sensitivity and
range values of the kit were 4.4 pg/ml
and 15.6-1000 pg/ml, respectively). IL-
1 levelswere measured by human IL-
1 ELISA kit (Quantikine Immunoas-
says, R&D systems, BLB50, Min-
neapolis, USA; sensitivity 0.3 pg/ml,
range 3.9-250 pg/ml). IL-8 levelswere
assayed by human IL-8 ELISA kit
(Quantikine Immunoassays, R&D sys-
tems, D8000, Minneapolis, USA; sen-
sitivity 4.7 pg/ml, range 94-6000
pg/ml). slL-2R levels were determined
by human slL-2R ELISA kit (Bender
MedSystems, Vienna, Austria; sensitiv-
ity 36 pg/ml, range 0.08-5000 pg/ml).
IL-1ra levels were measured with
human IL-1ra ELISA kit (Quantikine
Immunoassays, R&D systems, DRA-
00, Minneapalis, USA; sensitivity 6.5
pg/ml, range 46.9-3000 pg/ml). TGF-
1 levels were assayed with human
TGF- 1 ELISA kit (Quantikine Im-
munoassays, R&D systems, DB100
Minneapolis, USA; sensitivity 5 pg/ml,
range 31.2 - 2000 pg/ml). All kits
employed were specific for the cyto-
kine assayed. All ELISA procedures
were carried out in duplicate and in ac-
cordance with the recommendations of
the manufacturers.

Satistical methods
Regarding the distribution of cytokine
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Table |. Characteristics of BD patients
(n=14).

Symptom n %
Oral ulcer 14 100
Genital ulcer 10 71
Erythema nodosum 9 64
and skin lesions
Eyeinvolvement 4 29
Pathergy positivity 6 43
Synovitis 14 100

concentrations including undetectable
levels, Kruskal-Wallis (KW) test was
employed to analyze the variances
among groups. Statistically significant
differences obtained from KW analyses
were further tested by the Mann-Whit-
ney U test for post hoc pairwise com-
parisons between groups, with p values
adjusted downward to 0.017 (0.05/3,
i.e, the number of pairwise compar-
isons among three groups) in order to
decrease the possibility of a type |
error. The relationships between vari-
ables were analyzed by the Spearman
correlation method. P values below
0.05 were considered statistically sig-
nificant except for pairwise compar-
isons. Results were expressed as medi-
an (min-max). The Statistical Package
for Social Sciences (SPSS) v.10.0 for
Windows was used to analyze the data.

Results

The mean £+ SD ages of BD, RA and
OA patientswere32 9,43 10and
59 4, respectively. None of BD pa
tients were using immunosuppressive,
steroidal or nonsteroidal anti-inflam-
matory agents (NSAID) at the time of
enrolment. Nine patients with BD were
on colchicine 1-1.5 mg/d and one
patient was using benzathine penicillin
1.2 million units every three weeks in
addition to colchicine. Four BD pa-
tients used no medications and were
examined for thefirst timein our clinic.
The characteristics of BD patients are
shown in Table |. All BD patients had
monoarticular arthritis of the knee. It
wasthefirst arthritis attack in 7, second
in 5 and third in 2 patients. In 4 patients
with RA, it was the first episode of
knee synovitis, and in the remaining 11
knee involvement was in the form of
chronic synovitis with persistence of
inflammatory signs. Of the RA pa-
tients, 5 were on NSAID, 3 were on
NSAID + hydroxychloroquine and 4
were on NSAID + salazopyrine. Three
RA patients were not on any medica-
tions. Ten of the patients with OA were
on NSAID and 5 were not using any
drugs.

Mean disease duration was 6.4 5.0,
9.2 6.5and4.8 2.8yearsin patients

Tablell. Synovia fluid characteristics in patient groups.

RA BD OA
WBC (/mmd) 10100 + 55007 6900 + 5400° 1500 + 750
PMNL (%) 78+ 6* 74+ 5° 61+6
Lymphocyte (%) 22+ 6 26+ 5P 39+ 6
LDH (1U/ml) 716 + 3942¢ 465 + 215° 248 + 96
Protein (g/dl) 49+ 0.9 4.8+0.8° 33+0.8
Glucose (mg/dl) 34+112 58 + 28 68+ 12

a p<0.05RAVSOA, b:p<0.05BDvsOA,c: p<0.05RA vsBD

Tablelll. Synovial fluid cytokine levelsin patient groups.

RA BD OA
IL-1 (pg/ml) 67.0 (0.3-263.0) 3.4(0.3-112.0)° 0.9 (0.3-3.0)
TNF- (py/ml) 360.0 (4.4-450.0) 4.4 (4.4-182.0) 4.4 (4.4-132.0)
IL-lra(pg/ml)  643.0 (22.0-2400.0)% 66.0 (22.0-2310.0)° 22.0 (22.0-45.0)
sIL-2r (pg/ml)  2770.0 (1370.0-4020.0)*  1875.0(960.0-2870.0)°  1210.0 (830.0-2160.0)
IL-8 (pg/ml) 6000.0 (300.0-6000.0) 2300.0 (220.0-6000.0)° 25.0 (4.7-420.0)
TGF- (pg/ml)  780.0 (5.0-1900.0)* 168.5 (5.0-1780.0)° 8.0 (5.0-120.0)

a p<0.017 RA vs BD-OA, b: p<0.017 BD vs OA
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with BD, RA and OA, respectively. All
RA patients were seropositive (mean
RF titer 110 = 90 1U/ml) and had ero-
sive changes in hand and/or foot X-
rays. Morning stiffness persisted for 65
+ 45 minutes and Ritchie articular in-
dex was 16 + 8. There were significant
differences in synovial fluid leukocyte,
PMNL counts and LDH, glucose, pro-
tein levels among groups (Table I1).
Synovia IL-1 and TNF- levelswere
higher in RA compared to BD and OA
patients. IL-1 levels were aso higher
in BD than OA whereas TNF levels
were similar in these two groups. On
the other hand, IL-1ra and TGF levels
were considerably high in BD, which
were lower than RA, but higher than
OA. Levels of sIL-2r and IL-8 were
elevated in BD and RA patients com-
pared to OA patients. slL-2r levels
were aso higher in RA patients than
BD patients (p < 0.05) (Table l1l).
Regarding the serum levels, except for
TGF, al cytokines were found to be
elevated in RA compared to BD and
OA patients (Table 1V). In contrast to
the pattern of local elevation in syn-
ovial fluid of BD, serum levels of IL-
1, TNF-, IL-1ra, sIL-2r and IL-8
were comparable in BD and OA.
Serum and synovial cytokine levels of
IL-1 (r=0.66, p=0.008) and TNF-
(r = 0.58, p = 0.02) were found to be
correlated in RA. There were no signif-
icant correlations between serum and
synovial cytokinelevelsin BD and OA.
Neither the age nor the duration of syn-
ovitis were found to be correlated with
serum or synovial cytokine levelsin the
study groups. As far as the acute phase
reactants are concerned, CRP levels
were found to be correlated with both
serum (r = 0.75, p = 0.001) and syn-
ovia (r=0.57,p=0.03) IL-1 concen-
trations in RA. There were no correla
tions between serum WBC counts and
serum cytokine levels, whilein RA and
BD, synovial PMNL counts were cor-
related with synovia IL-1ra (r = 0.56,
p=003inRA;r=057 p=0.03in
BD) and IL-8(r=0.61, p=0.01in RA;
r =0 .67, p=0.01 in BD) concentra-
tions.

Discussion
Arthritis of BD is monoarticular in
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Table 1 V. Serum cytokine levelsin patient groups.

RA BD oA
IL-1 (pg/ml) 380  (0.9-198.0) 22 (0.3-46.0) 09 (0.3-15.0)
TNF- (pg/ml) 1590  (4.4-570.0)2 44 (44-4.4) 44  (44-80)
IL-1ra (pg/ml) 440  (22.0-3450) 235  (22.0-36.0) 280 (22.0-40.0)
siL-2r (pg/ml) 18300 (810.0-3210.0)*  1020.0 (860.0-2870.0)  1240.0 (0.2-2430.0)
IL-8 (pg/ml) 1100  (10.0-2960.0) 55.0 (20.0-320.0) 300 (10.0-60.0)
TGF- (pg/ml) 50  (5.0-16.0) 50 (5.0-12.0) 50 (5.0-80)

2p< 0.017 RA vs BD-OA.

about 60% of patients and knee is the
most commonly involved joint. It is
characterized by swelling with large ef-
fusions, together with signs of inflam-
mation and usually lasts less than a few
months. Signs of inflammation may
range from mild to severe. Erosive
changes are seen only in patients with
persistent synovia inflammation (14).
Inafew studies it has been shown that
synovial fluid in BD isinflammatory in
nature (15), but comparison to other in-
flammatory synovia fluids has not
been carried out. Our findings confirm
that BD synovia fluid is of inflamma-
tory nature, containing 6900+5400
WBC/mm? (74 = 5% PMNLS), afind-
ing no different from RA (p > 0.05).

TNF- and IL-1 both play mgjor roles
in cartilage degradation and bone re-
sorption. IL-1 can cause cartilage pro-
staglandin (PG) depletion, inhibition of
chondrocyte PG synthesis, induction of
stromelysin and collagenase synthesis
(16, 17). TNF- induces PGE, and col-
lagenase synthesis from chondrocytes
and fibroblasts (18). IL-1raisanatural-
ly occurring receptor antagonist of IL-1
and binds type | and Il IL-1 receptors
without activating target cells and
therefore serves as a competitive inhi-
bitor (19). IL-1ra counteracts IL-1 in-
duced cartilage degradation, as is the
case for many other effects of IL-1
(20). However, IL-1 can exert its action
even if only asmall percentage of IL-1
receptors are available. Absolute ratio
of IL-1ra/lL-1 necessary for complete
inhibition of IL-1 isnot yet determined,
but it is estimated that effective inhibi-
tion of IL-1 activity can be achieved
with 10 to 100-fold higher concentra-
tions of IL-1ra (21). Firestein et al.
found a 1.2-3.6-fold molar excess of
IL-1ra with respect to IL-1 in RA syn-

ovia fluid (22). In our study this ratio
is about 8 in RA and about 20 in BD
synovia samples. Presence of IL-1ra
(66 pg/ml) in BD synovia fluid might
be protective against degradative ef-
fects of IL-1, which is present in rela
tively low amounts (3.4 pg/ml). Fur-
thermore, the presence of TGF- in BD
synovia fluid might be another impor-
tant protective factor against cartilage
destruction as it induces cartilage pro-
teoglycan synthesis both in vitro and in
vivo, while stimulating extracellular
matrix synthesis and inhibiting break-
down (23).

sIL-2r is a surface-expressed molecule
and is shed during T cell activation.
Elevaed levels of sIL-2r have beenre-
ported in a number of infectious, neo-
plastic and inflammatory disorders, in-
cluding RA (10, 24). In our study, sy-
novia fluid levels of sIL-2r and IL-8
were found to be higher in BD and RA
than OA patients. sIL-2r level was also
higher in RA patients than BD patients.
Elevated levels of serum sIL-2r in BD
patients have been reported by Akoglu
et al. and thisfinding was considered a
consequence of inflammation sec-
ondary to BD (25). Since sIL-2r is
found to be elevated in many inflam-
matory conditions and other diseases
like OA, we agree with Akoglu et al.
that elevated sIL2r levels reflect in-
flammation, rather than specific activa-
tion of T cells.

The number of PMNLS remains one of
the most accurate indices of inflamma-
tion in ajoint. IL-8 is the main factor
for the chemotaxis of PMNLs into the
synovial fluid (26). Koch et al. have re-
ported that IL-8 is responsible for the
accumulation of approximately 40% of
PMNLs in RA synovia fluid (27).
Though IL-8 is synthesized mainly by
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mononuclear cells, the large amount of
PMNLs in synovial fluids may be
another important source. Neutrophils
release proteolytic enzymes which may
cause cartilage degradation. But in-
flammation and joint destruction are
not always seen together (28). When T
cell driven antigen-induced arthritis
was elicited in neutropenic animals,
cartilage destruction was not dimin-
ished (29). Moreover, when this form
of arthritis or immune complex arthritis
was elicited in Beige mice, the granulo-
cytes of which are selectively deficient
in degradative enzymes cathepsin G
and elastase, a similar degree of carti-
lage degradation was noted (29). These
findings suggest that granulocytes
don’t have a dominant destructive role.
Furthermore, granulocytes may have a
protective role a later stages by the
release of regulatory mediators like IL-
1ra. LikeIL-8, the number of granulo-
cytes in synovia fluid makes them an
important source of IL-1ra (30). We
found comparable levels of IL-8 and
PMNLsin BD and RA synovidl fluids.
These levels were low in OA patients,
which is consistent with clinical in-
flammatory parameters. As could be
expected, we found a correlation be-
tween synovial fluid PMNL counts
with both IL-8 and IL-1ra levels. This
correlation has been observed in some
of the previous studies (31), while oth-
ers have reported contrary results (32).
Therefore, it would be appropriate to
interpret high levels of IL-8 as aperpet-
uating factor in inflammation, rather
than an indicator of cartilage destruc-
tion.

In conclusion, synovia fluid in acute
arthritis of BD involves high levels of
IL-8 and sIL-2r, reflecting the local in-
flammatory process. In accordance
with the non-erosive nature of synovitis
in BD, synovial fluid exhibits lower
levels of cytokines primarily involved
in cartilage destruction, namely IL-1
and TNF- , than RA. The detectable
levelsof IL-1raand TGF- in synovia
fluid of BD patients might serve as pro-
tective factors against cartilage destruc-
tion.
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