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Increased synovial fluid levels of soluble CD23 are associated with an erosive status
in rheumatoid arthritis (RA)
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SUMMARY

Synovial fluid (SF) levels of soluble CD23 (sCD23) were determined in 96 patients presenting with an
inflammatory knee effusion (73 with RA and 23 with reactive arthritis (ReA) serving as a control
inflammatory non-erosive group) and were correlated with the degree of joint destruction, with local
immune parameters (IL-13, IL-3, IL-4, IL-6, IL-8, IL-10, IL-12 and sCD25) and with serum markers of
inflammation, C-reactive protein and erythrocyte sedimentation rate. RA patients, classified as erosive
or not according to Larsen’s grade, were separated as follows: (i) 13 patients with non-erosive RA; (ii)
16 RA patients with erosions in hands but not in knees, matched for disease duration with the first group;
(iii) 44 RA patients with hand and knee erosions, matched with the second group for rheumatoid factor
positivity but of longer disease duration. SF sCD23 levels were significantly increased in both erosive
RA groups compared with non-erosive diseases, whether RA or ReA (P < 0-05), whose SF levels were
not different. SF IL-10 showed a similar profile to that of SF sCD23 and was the only other parameter
characteristic of erosive RA, but no direct correlation was found between the two. SF sCD23 was
significantly correlated with IL-12 (r = 0-65, P = 0-0001) and sCD25 (r = 0-39, P = 0-0019)
exclusively in the two erosive RA populations. In conclusion, these data showing that increased levels
of sCD23 are not only found in the SF of erosive joints but also in knee SF of patients with erosive RA
but without knee x-ray-diagnosed erosions suggest that this parameter might be of predictive value for
joint destruction. Longitudinal studies are however needed to confirm its potential clinical interest.
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INTRODUCTION

The CD23 antigen, the low-affinity receptor for the Fc portion of
IgE (FceRID), is expressed mainly on B lymphocytes and mono-
cytes, but can also be expressed by a variety of haematopoietic
cells including platelets, eosinophils, T lymphocytes, follicular
dendritic cells and natural killer (NK) cells [1]. It is a 45-kD
membrane type II glycoprotein whose proteolytic cleavage gives
rise to unstable soluble fragments subsequently transformed into a
stable 25-kD product referred to as soluble CD23 (sCD23). Cell
surface CD23 expression and sCD23 release are up-regulated by
IL-4 in all cell types expressing CD23, and inhibited by
interferon-gamma (IFN-vy), IFN-«, transforming growth factor-
beta (TGF-B) and glucocorticoids on B cells [2]. While sCD23
retains the capacity to bind IgE, it displays many cytokine
activities that are IgE-independent [2,3], including inhibition of
apoptosis [4].

Increased serum levels of sCD23 have been described mainly
in patients with allergy [5], with chronic lymphocytic leukaemia
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[6,7] as well as in various autoimmune diseases [§—14] including
RA [9,15-18]. RA is a chronic inflammatory disease associated
with B cell and T cell dysfunction. RA patients display an
increased expression of CD23 on B cells [15,16,19] and an
increased release of sCD23 by peripheral blood mononuclear cells
(PBMC) [16]. Increased serum levels of sCD23 in RA are related
to disease status, since unaffected monozygotic twins of RA
patients have normal sCD23 values [20].

CD23 expression on lymphocytes has been identified in
synovial biopsies from patients presenting chronic synovitis of
various origins [21]. However, studies investigating sCD23 levels
in the synovial fluid (SF) are scarce [18,22]. Recently, sCD23 has
been considered as a proinflammatory cytokine inasmuch as it
directly triggers tumour necrosis factor-alpha (TNF-«), IL-18 and
IL-6 release by PBMC [23] as well as by monocytes after an
interaction with the adhesion molecules CD11b and CD11c [24].
Increased levels of TNF-a and IL-183 have been found in the SF
of RA patients compared with other inflammatory arthritides such
as psoriatic arthritis, and are thought to reflect the usually more
erosive course of the disease [25]. Furthermore, in mouse
collagen-induced arthritis, a model for human RA, anti-CD23
treatment has been shown to reduce cartilage and bone destruction
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as well as the clinical severity of the disease [26]. Therefore, we
examined sCD23 levels in the SF of RA patients and compared
subpopulations matched for disease duration but differing by the
presence or absence of x-ray erosions. We also analysed cytokines
that participate in the immune process underlying RA.

PATIENTS AND METHODS

Fatients

SF samples were obtained from 96 patients undergoing arthro-
centesis of the knee for diagnostic or therapeutic purposes.
Seventy-three samples were obtained from patients with RA, as
defined by the 1987 American College of Rheumatology revised
criteria [27]. All patients had clinically active synovitis at the time
of arthrocentesis. Twenty-three samples were obtained from
patients presenting with knee swelling due to reactive arthritis
(ReA) (seronegative oligoarthritis with culture and/or serological
evidence for either sexually transmitted disease or enteritis due to
Salmonella or Yersinia infection) [28] and served as a control
group with an inflammatory non-erosive arthropathy. Patient
demographic, clinical and biological data are shown in Table 1.
Radiographs of hands, feet and knees were obtained in RA
patients within a lapse of 3 months before or at the time of
arthrocentesis and allowed classification into three distinct groups
according to Larsen’s grade [29] (erosive disease amounting to at
least Larsen’s grade 2 in hands/feet and Larsen’s grade 3 in
knees): (i) 13 patients without erosions in hands, feet or knees
(knee—/hand— or k—/h—); (ii) 16 patients without erosions in the
aspirated knee (Larsen’s grade < 3) but with erosions visible in
their hands and/or feet (Larsen’s grade =2) (knee —/hand+ or
k—/h+); (iii) 44 patients with erosions in hands and/or feet
(Larsen’s grade =2) and in knees (Larsen’s grade =3) (knee+/
hand+ or k+/h +). Patients from the first two groups (non-
erosive RA and erosive k—/h+ RA) were matched for disease
duration, while patients with erosive k+/h+ RA had a
significantly longer disease duration (Table 1). Patients with

erosive RA (k—/h+ and k+/h+) were matched for positivity of
rheumatoid factor (RF).

SF sampling and immunological parameters

SF samples were aspirated from the knee joint under aseptic
conditions, and centrifuged at 670 g for 20 min at 4°C to remove
all cells and debris. The supernatants were stored at —80°C prior
to assay. SF levels of sCD23, IL-18, IL-3, IL-4, IL-6, IL-8,
IL-10, IL-12 (Biosource Europe (formerly Medgenix), Fleurus,
Belgium) and soluble CD25 (sCD25; Boehringer, Mannheim,
Germany) were simultaneously determined by ELISA using
specific MoAbs and according to the manufacturer’s recommen-
dations. No interference with RF was found. Sera were collected
simultaneously to the arthrocentesis in 73 patients (11 k—/h—RA,
16 k—/h+ RA, 31 k+/h+ RA and 15 ReA). Erythrocyte
sedimentation rate (ESR) was determined by the Westergren
method and C-reactive protein (CRP) levels were measured by
nephelometry using specific antisera. RF was determined by
immunonephelometry (Dade Behring Inc., Newark, NJ).

Statistical analysis

SF parameters are expressed as median values (with the 25-75%
‘interquartile’ range). Between-group differences were analysed
by Mann—Whitney U-test or x> test. Correlations were sought by
linear regression, after logarithmic transformation. P <0-05 was
considered significant.

RESULTS

Since the clinical analysis of the three RA subgroups showed a
longer disease duration in the erosive k+/h+ RA group, we
compared the parameters obtained in the two subgroups matched
for disease duration: non-erosive RA and erosive k—/h+ RA. SF
sCD23 levels were significantly lower in non-erosive RA
compared with erosive RA (Fig. 1). sCD23 levels were also
lower in the non-erosive inflammatory control group, ReA, and

Table 1. Patient demographic, clinical and biological data

Rheumatoid arthritis Reactive arthritis

Non-erosive

Erosive knee—/hand+ Erosive knee+/hand+ Non-erosive

Female/male n 6/7
Age (years) Mean =* s.e.m. 46-8 £ 22
Disease duration (years) Mean =*s.e.m. 3.1 = 0-8
Positive rheumatoid factor n (%) 4 (30-7)*
Number of previous DMARDs Mean * s.e.m. 1-3 =02
Concomitant DMARD n (%) 6 (46)
Concomitant corticosteroids n (%) 3 (23)
Prednisolone daily dose (mg) Mean =+ s.e.m. 84 = 0-8
Concomitant NSAIDs n (%) 13 (100)
CRP (mg/l) Median 16 (5-21)*
(interquartile range)
ESR (mm/h) Median 20 (15-2-43-8)

(interquartile range)

13/3 29/15 11/12
54-8 + 22 609 = 2.2+ 427 = 2.1
51+ 12 10-1 + 1.4% NA

11 (687) 32 (72.7) 0

16 = 05 32 + 03% 0

9 (56) 26 (59) 0

8 (50) 19 (43-2) 0

87 = 15 105 + 13 0

16 (100) 44 (100) 22 (96)

42 (23-5-61-5)

31 (23-61)

33 (10-2-63-2)

49.5 (30-74)

43 (24-103)

50 (27-5-85-2)

DMARD, Disease-modifying anti-rheumatic drug; NSAID, non-steroidal anti-inflammatory drug; ESR, erythrocyte sedimentation rate; CRP, C-reactive

protein; NA, not applicable.

#P < 0-05 versus erosive knee—/hand+ RA (Mann—Whitney test for age, disease duration, prednisolone daily dose, CRP and ESR levels; x> test for all

other data).

© 2000 Blackwell Science Ltd, Clinical and Experimental Immunology, 120:194—199



3-2

3L
2.8
2:6
2:4
2:2

2
18

Log IL-12

196 C. Ribbens et al.
14 r * *%%
Enf °
210} °
Q oL 8
a 8 o
© 6 B -0
o [
2 4f R
T N e e [
o 2 et | ] -
n 0 3 - —— l:!Fl
Erosions - + + -
Knee-/hand+ Knee+/hand+
RA ReA

Fig. 1. Synovial fluid soluble CD23 levels in RA and reactive arthritis
(ReA), a control inflammatory non-erosive arthropathy. Boxes represent
the interquartile range, i.e. the middle 50% of the data, between 25th and
75th quartile. Whiskers represent the 10th and 90th quartiles, and circles
represent values out of this range. Asterisks indicate a significant
difference wversus erosive knee—/hand+ RA: *P < 0-05; ***P < 0-001
(Mann—Whitney test).

were comparable to those observed in non-erosive RA (Table 2).
sCD23 levels in non-erosive inflammatory arthropathies were not
significantly different from those obtained in osteoarthritis, a
degenerative arthropathy (median 1 U/ml, interquartile range 0-9—
1.6 U/ml (n = 16)) or from patients with meniscus pathology and
whose SF may be considered as ‘normal’ (median 1-1 U/ml,
interquartile range 0-7-1-4 U/ml (n = 15)). sCD23 levels were
similar in the two erosive RA groups, k—/h+ and k+/h+
(Table 2). Within the RA group, no differences were found
between patients according to their treatment (data not shown). Of
interest, SF IL-10 had a similar profile to that of sCD23. Indeed,
IL-10 levels were lower in non-erosive RA compared with erosive
RA, similar in the two non-erosive arthropathies—non-erosive
RA and ReA—and similar in the two erosive RA groups
(Table 2). SF IL-12 levels were significantly lower in non-erosive
RA compared with erosive k—/h+ RA (Table 2). However, IL-12
levels were also significantly lower in the longer disease duration
erosive k+/h+ RA group compared with erosive k—/h+ RA, and
were not significantly different from those of non-erosive RA. SF
levels of sCD25, the soluble IL-2 receptor, were lower in non-
erosive RA compared with both erosive RA populations.
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Fig. 2. Positive linear correlation between log soluble CD23 and log IL-
12 in erosive knee—/hand+ RA (O) and erosive knee+/hand+ RA (@). r
and P values are those obtained for the two groups studied together.

However, elevated levels of sCD25 were not specific for erosive
RA since they were also found in ReA, a non-erosive arthropathy
(Table 2). No significant differences were found in SF levels of
IL-18, IL-3, IL-4, IL-6, and IL-8 between non-erosive and erosive
k—/h+ RA (Table 2).

Comparison of the two erosive RA groups which matched for
RF but not for disease duration demonstrated significantly
increased SF levels of IL-183, IL-3, IL-4 and IL-8 in the k+/h+
RA group of longer disease duration (Table 2). The increased SF
levels of these cytokines seem specific for a longer duration of
disease, since levels were comparable in non-erosive and erosive
k—/h+ groups which matched for shorter disease duration. SF
IL-6 levels were increased in the longer disease duration RA
group compared with the erosive k—/h+ RA group, but were also
increased in ReA.

Correlations were sought between sCD23 and the other
parameters in the three RA populations. Statistically significant
correlations between sCD23 and IL-12 (Fig. 2) and between
sCD23 and sCD25 (Fig. 3) were found in the two erosive RA

Table 2. Synovial fluid parameters

Rheumatoid arthritis

Reactive arthritis

Non-erosive

Erosive knee—/hand+

Erosive knee+/hand+ Non-erosive

sCD23 (U/ml)
IL-10 (pg/ml)
IL-12 (pg/ml)
sCD25 (pmol/l)

15 (1-2:2)*

9.5 (1.1-267)*
219 (156-239)*
98 (77-5-116-7)%*

26 (2-4)

IL-18 (pg/ml) 93 (4-6-46) 6 3-14-1)
IL-3 (pg/ml) 52 (22:5-955) 68 (30-112)
IL-4 (pg/ml) 4 (0-19-5) 4 (22-15'5)
IL-8 (ng/ml) 176 (128-391) 232 (100-759)
IL-6 (ng/ml) 9 (3-5-24) 76 (3:8-12:2)

40-7 (17-5-65)
806 (249-1040)
150 (116-195)

2:5 (1-7-4'7)
30-3 (18:5-62)
269 (143-355)*
185 (112-242)

1-25 (0-8—1-8)***
10 (5:9-17-8)**
516 (197-984)
138 (89-205)

14 (5-5-52)* 7-5 (4-14)
117 (49-358)* 39 (18-57)
22 (6-57-5)** 0 (0-7)

1415 (588-4219)*** 127 (39-193)
19 (8-33-8)* 25 (7-48)*

*P < 0-05; **P < 0-01; ***P < 0-001 in comparison to erosive knee—/hand+ RA (Mann—Whitney).

Values in bold highlight specific characteristics of erosive RA.
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Fig. 3. Positive linear correlation between log soluble CD23 and log
soluble CD25 in erosive knee—/hand+ RA (O) and erosive knee+/hand+
RA (@). r and P values are those obtained for the two groups studied together.

groups whether studied together or separately (Table 3). These
correlations were not found in any of the non-erosive diseases, RA
or ReA. These correlations remained however statistically sig-
nificant when all patient groups were studied together (r = 0-41,
P = 0-0001 for IL-12; r = 0-38; P = 0-0001 for sCD25).
Because IL-10 and sCD23 levels displayed a similar profile, we
searched for correlations between IL-10 and IL-12 and IL-10 and
sCD25. Positive correlations were indeed observed but only in the
k+/h+ RA group (Table 3). We also correlated IL-10 levels with
those of the other immune parameters and found a positive linear
correlation between IL-10 and IL-6 in the two erosive RA groups
(Table 3). While sCD23 and IL-10 displayed a similar profile and
similar correlations with the other parameters, we did not find a
significant correlation between them in the RA groups. Further, no
correlations were found between SF levels of sCD23 and IL-18,
IL-3, IL-6, IL-10, or between SF sCD23 and serum CRP or ESR.

DISCUSSION
These data demonstrate that higher levels of sCD23 are found in

Table 3. Significant correlations for sCD23 and IL-10 in erosive
rheumatoid arthritis

Knee—/hand+ erosive RA Knee+/hand+ erosive RA

r P r P

sCD23 and

1L-12 091 0-0001 0-61 0-0001

sCD25 0-65 0-0043 0-34 0-0249
IL-10 and

1IL-6 0-66 0-014 0-34 0-0327

1L-12 021 NS 0-37 0-0301

sCD25 0-44 NS 0-41 0-0088

Correlations were sought by linear regression, after logarithmic
transformation.

the knee SF of RA patients presenting a high positivity for serum
RF and x-ray-diagnosed erosions in hands, whether or not they
present erosions in knees. In contrast, lower sCD23 levels are
found in the SF of non-erosive diseases whether rheumatoid or
ReA. To the best of our knowledge, this is the first study
evaluating the SF status of sCD23 in RA with respect to the
degree of joint destruction. sCD23 has been previously detected in
RA SF [18,22] but no SF controls were available, nor was the
radiological stage of the disease mentioned. It has been proposed
that sCD23 might contribute to the up-regulation of the
inflammatory reaction [30], since it induces the production of
proinflammatory cytokines [23,24] and since its inhibition
improves collagen-induced arthritis (CIA) in mice [26]. Further-
more, CD23-deficient mice exhibit a marked reduction of CIA
[31]. Histological studies have also shown an increased expression
of CD23 in inflammatory tissues, whether rheumatoid or not [21].
Our data suggest that SF sCD23 is not simply a parameter
reflecting local inflammation. Indeed, an inflammatory arthro-
pathy such as ReA displays SF sCD23 levels similar to those of
non-erosive RA while having a more inflammatory profile, as
shown by higher SF IL-6 and serum CRP levels. Furthermore, SF
sCD23 levels in these two inflammatory but non-erosive
arthropathies are similar to those detected in degenerative arthro-
pathies such as osteoarthritis or meniscus pathology.

Erosive RA patients usually exhibit a 70-80% positivity for
serum RF [32]. Albeit higher sCD23 levels are found in the serum
of RF* RA patients compared with RF™~ patients, no difference is
found between erosive and non-erosive RA [20]. In the SF, sCD23
levels are also related to the presence of serum RF in the sense that
the two patient groups with 70% RF positivity had higher SF
sCD23 levels than the group with 30% RF positivity. While
production of RF and sCD23 might be directly related in the joint,
this cannot be ascertained as SF RF levels were not determined in
our study. The measurement of sCD23 in the SF might be of
greater interest than in the serum because SF sCD23 levels were
significantly higher in erosive than in non-erosive RA patients.
Furthermore, increased levels were found in erosive RA, even
when x-ray erosions were not yet detected in the knee with an
effusion (erosive k—/h+ RA). This suggests that sCD23 may be
of predictive value for joint destruction in RA. However, an
alternative explanation is that the appearance of knee erosions is
related to disease duration and that sCD23 is an epiphenomenon
associated with the immunopathology of the established phase of
RA.

The correlations found between sCD23 and IL-12 on one hand
and sCD25 on the other are of particular interest since they were
only found in the two erosive RA groups. These three parameters
are therefore probably involved in the mechanisms leading to joint
erosions. The pathological relevance of the positive correlation
between IL-12 and sCD23 is emphasized by the fact that the
incidence and severity of CIA is reduced in CD23-deficient mice
[31] and in IL-12-deficient mice [33]. Furthermore, administration
of IL-12 causes more severe joint destruction in DBA/1 mice
when given in combination with type II collagen [34].

Glucocorticoids are known to decrease CD23 expression and
sCD23 release in vitro and in vivo [35]. However, in our study,
non-erosive RA patients presenting lower SF sCD23 levels did not
take more corticosteroids than erosive RA patients. Furthermore,
no differences in sCD23 SF levels were observed in RA patients
treated with MTX or other disease-modifying anti-rheumatic
drugs (DMARDs) compared with levels in untreated patients.
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The SF profile of IL-10 was similar to that of sCD23 inasmuch
as increased SF levels were exclusively found in both RA groups
exhibiting an erosive status. IL-10 and sCD23 are however
probably regulated by different mechanisms since they are not
correlated with each other in RA patients, nor is IL-10 correlated
with SF IL-12 and sCD25 in erosive k—/h+ RA patients in
contrast to sCD23. Our data confirm earlier studies showing that
increased SF IL-10 levels are a dominant feature of established
RA [36-39]. Moreover, they indicate that elevated SF IL-10
levels are restricted to an erosive behaviour of the disease, since
patients with a non-erosive disease have lower SF levels. This
association between IL-10 and joint erosions seems paradoxical in
view of the immunoregulatory and anti-inflammatory properties
generally assigned to this cytokine [40]. Two not mutually
exclusive hypotheses can be proposed. First, IL-10 is a potent
growth and differentiation factor for activated human B
lymphocytes [41]. Interestingly, we found a significant positive
correlation between IL-10 and IL-6, another B cell growth and
differentiation factor. Furthermore, IL-10 may serve as a major
cofactor facilitating T cell-dependent B cell differentiation and
immunoglobulin production—including RF—in rheumatoid sy-
novium [37]. These observations are supported by the sustained B
lymphocyte hyperactivity classically observed in RA [36], which
may be incriminated in the development of erosions. Second,
elevated SF IL-10 levels in erosive disease may reflect an attempt
to counteract the inflammatory cascade operating in the
rheumatoid joint [38]. Recent data indicate that while serum and
SF IL-10 levels are higher in RA, a relative IL-10 deficiency
exists in RA patients [42]. Supporting this concept is the
beneficial result obtained in RA patients treated with human
recombinant IL-10 in a phase I study [43]. Furthermore, IL-10
decreases surface CD23 expression and CD23 mRNA levels in
human monocytes in vitro [44]. Therefore, the finding that both
increased SF levels of sCD23 and enhanced numbers of CD23™
monocytes are found in RA [45] supports the concept of a relative
deficit of available IL-10 in RA.

The predictive value of SF analysis to monitor knee joint
destruction has been previously proposed. Longitudinal studies in
RA patients presenting progressive deterioration of Larsen’s grade
have identified SF biochemical characteristics such as lower C3,
higher acid phosphatase levels [46] and higher levels of cross-
linked carboxyterminal telopeptide of type I collagen [47].
However, few immune parameters have been studied in relation-
ship to the erosive course of RA. A cross-sectional study found
higher SF TNF-a and IL-8 levels in erosive RA compared with
non-erosive disease [48]. In our study however, higher SF IL-8
levels were only found in erosive RA of longer disease duration
and did not discriminate between non-erosive and erosive RA
groups matched for disease duration, in contrast to sCD23.

In conclusion, we have found elevated SF levels of sCD23 to
be specific of an erosive behaviour of RA but also to be present
before erosions are x-ray-diagnosed. Our study therefore demon-
strates that SF sCD23 may be a parameter of predictive value for
joint destruction. Longitudinal studies are however needed to
confirm the potential clinical interest of SF sCD23.
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