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Abstract

The purpose of this study was to analyze the expression of the two proinflammatory cytokines IL-20 and IL-24 and their shared recep-
tors in rheumatoid arthritis and spondyloarthropathy. IL-20 was increased in plasma of rheumatoid arthritis patients compared with
osteoarthritis patients and IL-24 was increased in synovial fluid and plasma of rheumatoid arthritis and spondyloarthropathy patients
compared with osteoarthritis patients. IL-20 and IL-24 mRNA was only present at low levels in the synovium. In the synovial mem-
brane, IL-20 protein was present in mononuclear cells and neutrophil granulocytes whereas IL-24 protein was observed in endothelial
cells and mononuclear cells. IL-20 receptor type 1 and IL-22 receptor were expressed by granulocytes in the synovial fluid. In synovial
fluid mononuclear cell cultures, stimulation with recombinant human IL-20 or recombinant human IL-24 induced monocyte chemoat-
tractant protein 1 (CCL2/MCP-1) secretion, but not tumour necrosis factor a mRNA synthesis or IL-6 secretion. Both IL-20 and IL-24
showed correlations to CCL2/MCP-1 in plasma from rheumatoid arthritis and spondyloarthropathy patients. This study associates IL-
20 and IL-24 to the synovium of rheumatoid arthritis and spondyloarthropathy and results indicate that the two cytokines contribute to
disease pathogenesis through recruitment of neutrophil granulocytes and induction of CCL2/MCP-1.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Rheumatoid arthritis (RA) is an inflammatory disease
that causes progressive joint damage and disability. In this
inflammatory process, cytokines including IL-1, IL-6, IL-8,
IL-10, monocyte chemoattractant protein 1 (CCL2/MCP-
1), and tumour necrosis factor (TNFa) play a prominent
role [1–3]. Spondyloarthropathy (SpA) comprises a group
of related diseases characterized by spinal inflammation
and peripheral joint oligoarthritis often including cutane-
ous manifestations. The role of cytokines is better charac-
terized in RA than in SpA. However, TNFa blockers
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have been shown to be beneficial in the treatment of both
psoriatic arthritis and ankylosing spondylitis suggesting a
role for cytokines in the pathogenesis of these diseases
[4–7].

IL-20 and IL-24 are two recently identified members of
the IL-10 family of cytokines [8]. IL-20 expression has pre-
dominantly been described in monocytes [9], and keratino-
cytes [10], whereas IL-24 expression has primarily been
found in macrophages [11,12], monocytes, T cells [9], and
keratinocytes [10]. IL-20 and IL-24 signal through the
receptor complexes IL-20 receptor type 1 (IL-20R1)/IL-
20 receptor type 2 (IL-20R2) and IL-22 receptor (IL-
22R)/IL-20R2 [13,14].

IL-20 has primarily been associated with psoriasis, as
IL-20 expression in transgenic mice has been shown to
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Table 1
Characteristics of patients with RA, SpA, and OA and normal healthy
volunteers (NHV) included for synovial fluid and/or plasma analysis

Characteristic Patients
with RA
(n = 24)

Patients
with SpA
(n = 22)

Patients
with OA
(n = 15)

NHV
(n = 22)

Age, mean years 55.3 44.6 71.1 41.1
Sex, no. of females 21 18 8 11
CRP, mean

concentration
(nmol/l)

278 128 <75 ND

Rheumatoid factor
positive, no. of
patients

14 0 0 ND

Medications
received, no. of
patients
None 9 8 15 22
DMARD 15 14 0 0

Methotrexate 14 7 — —
Salazopyrine 6 6 — —
Cloroquine 3 0 — —
Cyclosporine A 1 1 — —
Penicillamine 0 1 — —

ND, not determined.
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cause skin abnormalities very similar to those observed in
psoriasis [15]. Furthermore, the mRNA of IL-20 and of
its three receptor subunits have been found in lesional pso-
riatic skin [16–18]. IL-24, also known as melanoma differ-
entiation-associated gene 7, was discovered due to its
ability to induce apoptosis in melanoma cells [19]. Further-
more, IL-24 has been shown to be expressed at increased
levels in psoriasis [16].

The involvement of IL-20 and IL-24 in rheumatic dis-
eases is not clarified. IL-20 and its three receptor subunits
have been found in the synovial membrane of patients with
RA [20,21]. IL-20 has also been shown to induce cytokine
secretion in synovial fibroblasts, neutrophil chemotaxis,
synovial fibroblast migration, and endothelial cell prolifer-
ation. Interestingly, the soluble IL-20R1 has been found to
decrease the severity of collagen induced arthritis in rats
suggesting that cytokines, which bind this receptor, are
important in the pathogenesis of arthritis [20].

In this study, synovial fluid, plasma, and synovial mem-
branes from RA and SpA patients were studied. Osteoar-
thritis (OA) patients served as non-inflammatory disease
controls while healthy volunteers were included as normal
controls. IL-20 and IL-24 levels were measured, the cellular
sources and targets of IL-20 and IL-24 were studied and
the effect of IL-20 and IL-24 on cytokine production was
analyzed. This study provides new insight into the role of
IL-20 in rheumatic diseases and presents the first associa-
tion between IL-24 and these diseases.
2. Materials and methods

2.1. Patients and samples

Synovial fluid and plasma were collected from patients
with RA (n = 24) and SpA (n = 22). Subgroups included
under the category SpA were psoriatic arthritis (n = 11),
reactive arthritis (n = 2), enteropathic arthritis associated
with inflammatory bowel disease (n = 2), and undifferenti-
ated spondyloarthritis (n = 7). The inclusion criteria were
the requirement of therapeutic arthrocenthesis and the
absence of anti-TNFa treatment. Patients with RA and
OA were diagnosed in accordance with the criteria estab-
lished by the American College of Rheumatology (ACR)
[22,23], patients with SpA were classified according to the
European Spondyloarthropathy Study Group (ESSG) cri-
teria [24], and psoriatic arthritis patients were diagnosed
according to the CASPAR criteria [25]. OA patients
(n = 15) were included to serve as non-inflammatory dis-
ease controls while normal healthy volunteers (n = 22)
were also included to serve as controls. Synovial fluid
and plasma were collected from patients with OA while
only plasma was collected from normal healthy volunteers.
Patient characteristics are listed in Table 1. Synovial fluid
was collected during therapeutic arthrocenthesis, trans-
ferred to tubes containing EDTA, centrifuged and frozen.
EDTA blood samples were collected in continuation of
the therapeutic arthrocenthesis and plasma was harvested
following centrifugation and frozen.

Synovial membranes were collected from a group of
patients in connection with arthroplasty. Immunohisto-
chemical staining was performed on samples from eight
patients with RA (age, 62.9 mean years; sex, 7 females) and
five patients with OA (age, 68.2 mean years; sex, 3 females).

All samples were obtained after informed consent
according to the Danish Data Protection Agency, the
Local Ethical Committee (Project Nos. 20050046 and
20060012) and the Declaration of Helsinki.
2.2. ELISA

To quantify the concentration of IL-20 the Human IL-
20 ELISA Development Kit from PeproTech EC (UK)
was used according to the manufacturer’s recommenda-
tions. To quantify the concentration of IL-24 Maxisorp
96 well flat-bottom plates (NUNC) were coated with
5 lg/ml mouse IgG2b anti-IL-24 (R&D, USA,
MAB1965). Plates were then blocked with 1% BSA. Serial
dilutions of recombinant human IL-24 (R&D, 1965-IL-
025) and samples were added in duplicates followed by
the addition of 1 lg/ml goat IgG anti-IL-24 (R&D,
AF1965). For detection, mouse IgG anti-goat HRP (Jack-
son, USA, 205-035-108) was added. The reaction was
developed by incubating with ABTS substrate (Sigma–
Aldrich, USA). The OD was read at 405 nm with a refer-
ence reading at 630 nm. The minimum detectable concen-
tration of human IL-24 for this ELISA system was
0.4 ng/ml. Rheumatoid factor in patient samples did not
seem to cross link capture and detection antibodies in the
ELISA systems as low levels of cytokines were detected
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in both rheumatoid factor positive and rheumatoid factor
negative patients. Following manufacturer’s instructions,
IL-6 was quantified by an ELISA system from BioLegend
(USA) and CCL2/MCP-1 concentration was measured by
an ELISA system from eBioscience (USA).

2.3. Quantitative real-time PCR

Synovial fluid mononuclear cells (SFMC) and periphe-
ral blood mononuclear cells (PBMC) were obtained by
Ficoll-Paque (Amersham Biosciences, Sweden) density-
gradient centrifugation, transferred to SV RNA lysis buffer
(Promega, USA) and frozen. Synovial membrane biopsies
were snap-frozen in liquid nitrogen. Before RNA purifica-
tion the synovial membranes were transferred to RNAlat-
er-ICE (Ambion Inc., USA). RNA was purified with SV
Total RNA Isolation System (Promega) as previously
described [18]. For reverse transcription, Taqman Reverse
Transcription Reagents (Applied Biosystems, USA) were
used according to manufacturer’s instructions. Reverse
transcription thermal cycling conditions were a 25 �C incu-
bation step for 10 min, followed by a 48 �C reverse tran-
scription step for 30 min and finally a 95 �C reverse
transcriptase inactivation step for 5 min. Primers and
probes were purchased from Applied Biosystems. IL-20,
IL-24, and TNF-a mRNA expression was determined with
a Taqman 20· Assays-On-Demand (FAM-labelled
MGB-probes) gene expression assay mix (IL-20:
Hs00218888_m1, IL-24: Hs00169533_m1, TNF-a:
Hs00174128_m1). The housekeeping gene used for normal-
isation was 18s rRNA (Hs99999901_s1). The expression of
each gene was analyzed in triplicates. PCR conditions were
2 min at 50 �C, 10 min at 95 �C followed by 50 cycles of
15 s at 95 �C and 60 s at 60 �C. Relative gene expression
levels were determined by using the relative standard curve
method as previously described [18].

2.4. Immunohistochemical analysis

In the case of IL-20 staining, the synovial membranes
were fixed in 4% paraformaldehyde and embedded in par-
affin. Samples were cut, de-paraffinized using xylene, rehy-
drated through ethanol and demasked by heating in Target
Retrieval Solution (Dako, Denmark). Sections were
blocked with 10% goat serum (Dako, X0972) and Biotin
Block (Dako) and were then incubated with 3 lg/ml mouse
IgG1 anti-IL-20 (a kind gift from Novo Nordisk A/S, Den-
mark). Afterwards, biotinylated goat anti-mouse antibody
(Dako, E0433) was added followed by the addition of
StreptABComplex/AP (Dako). Finally, sections were
stained with New Fuchsin substrate (Dako) with levamiz-
ole (Dako) and counterstained with Mayer’s hematoxylin.
For negative control, samples were incubated with 3 lg/ml
mouse IgG1 isotype (Dako, X0931). Preincubation of the
primary antibody with recombinant human IL-20 (a kind
gift from Novo Nordisk A/S) resulted in negative staining
(Fig. 3A).
In the case of IL-24 staining synovial membranes were
embedded in Tissue-Tek and snap-frozen. Samples were
cut and dehydrated in ice-cold acetone. Sections were
blocked with 10% goat serum and Biotin Block and incu-
bated with 5 lg/ml biotinylated goat IgG anti-IL-24
(R&D, BAF1965) followed by incubation with StreptAB-
Complex/AP. Staining was developed as above. For nega-
tive control, samples were incubated with 5 lg/ml goat IgG
isotype (R&D, BAF108). Preincubation of the primary
antibody with recombinant human IL-24 resulted in nega-
tive staining (Fig. 3D). Double staining for IL-24 positive
cells and endothelial cells was carried out using biotinyla-
ted goat IgG anti-IL-24 in combination with rabbit anti-
von Willebrand factor antibody (Dako, A082). For detec-
tion, streptavidin Texas Red (GE Healthcare Life Sciences,
USA, RPN1233) and swine anti-rabbit FITC antibody
(Dako, F205) were used.

2.5. Flow cytometric analysis

Synovial fluid cells were isolated from the synovial fluid
by centrifugation and resuspension in 2% FCS in PBS.
Cells were blocked for unspecific binding with both 10%
normal mouse serum and 10% rabbit serum (DAKO,
X0902). Cells were stained with 10 lg/ml rabbit IgG anti-
IL-20R1 FITC and 10 lg/ml rabbit IgG anti-IL-22R FITC
(binding to the extracellular part of the receptors, both a
kind gift from Novo Nordisk A/S) in combination with
either mouse IgG1 anti-CD3 PE (DAKO, R0810), mouse
IgG1 anti-CD14 PE (Diatec, Norway, 3112) or mouse
IgG1 anti-CD66 PE (BD, USA, 551478,). Ten micrograms
per milliliter of rabbit IgG FITC isotype (Serotec, UK,
PRABP01F) was used as negative control. Peripheral
blood leucocytes from normal healthy volunteers were
stained following the same procedure. The red blood cells
were lysed by adding FACS Lysing Solution (BD). For
positive control, keratinocytes were stained with both
anti-receptor antibodies and the isotype antibody, as kerat-
inocytes have previously been shown to express both IL-
20R1 and IL-22R [18] (Fig. 1).

2.6. Cell culture

SFMC were isolated from the synovial fluid by Ficoll-
Paque density-gradient centrifugation and cultured in
RPMI medium supplemented with 10% FCS, penicillin,
streptomycin, and glutamine at a concentration of
2 · 106 cells/ml. For stimulation experiments, recombi-
nant human IL-20 was used at a concentration of
2000 pg/ml, and recombinant human IL-24 was used at
a concentration of 50 ng/ml. For each setup a control cell
culture with cells alone was used for comparison. Cells
were cultured for 48 h at 37 �C without changing of med-
ium. After incubation supernatants were frozen for
ELISA protein analysis, and cells were frozen in SV
RNA lysis buffer for quantitative real time PCR (qRT-
PCR) mRNA analysis.



Fig. 1. IL-20R1 and IL-22R surface expression on keratinocytes. (A) No staining was observed with rabbit IgG isotype. (B) IL-20R1 and (C) IL-22R were
expressed on a subpopulation of keratinocytes.
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2.7. Statistical analysis

Statistical analyses were performed with the software
program Prism 4 for Macintosh (GraphPad Software
Inc., USA). The Mann–Whitney rank sum test was used
for the analysis of differences between amounts of cyto-
kines in patient groups, and the Spearman rank order
correlation was used to calculate correlations between
cytokines. In all tests the level of significance was a
two-sided P value of less than 0.05. Results are expressed
as the median with 25th to 75th percentiles in
parenthesis.

3. Results

3.1. IL-20 and IL-24 levels in synovial fluid and plasma

The levels of IL-20 and IL-24 in synovial fluid and
plasma from patients with RA, SpA, and OA and
Fig. 2. Levels of IL-20 and IL-24 in synovial fluid and plasma from patients w
the median level and the bars indicate the level of significance. Each dot repre
plasma from normal healthy volunteers were measured
by ELISA. In synovial fluid there were no differences
in the levels of IL-20 between the three groups. IL-20
in plasma from RA patients (282 pg/ml (134–438
pg/ml)) was significantly higher than in plasma from
OA patients (124 pg/ml (110–147 pg/ml)) (P = 0.006)
(Fig. 2A).

IL-24 in synovial fluid from both RA (2.25 ng/ml
(0–8.21 ng/ml)) and SpA (3.81 ng/ml (0.30–11.0 ng/ml))
patients was significantly higher than in synovial fluid from
OA patients (0 ng/ml (0–0.72 ng/ml)) (P = 0.01 and
P = 0.0005, respectively). IL–24 in plasma from both RA
(2.21 ng/ml (0.31–7.29 ng/ml)) and SpA (2.02 ng/ml
(0–6.83 ng/ml)) patients was significantly higher than in
plasma from OA patients (0 ng/ml (0–0 ng/ml))
(P = 0.001 and P = 0.005, respectively). IL-24 in plasma
from RA patients was significantly higher than in plasma
from normal healthy volunteers (0.08 ng/ml (0–3.63 ng/ml))
(P = 0.03) (Fig. 2B).
ith RA, SpA, OA, and normal healthy volunteers (NHV). Lines represent
sents one sample.
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3.2. IL-20 and IL-24 mRNA expression in synovial

membrane cells and SFMC

IL-20 and IL-24 mRNA in synovial membrane biopsies
from RA and OA patients, SFMC from RA and SpA
patients and PBMC from normal healthy volunteers were
measured by qRT-PCR. Low levels of IL-20 and IL-24
mRNA were expressed in the synovial membrane biopsies
of RA patients without differences between RA and OA
patients (data not shown). Also, only low amounts of IL-
20 and IL-24 mRNA were found in SFMC from RA and
SpA patients and in PBMC from healthy persons with no
observable differences (data not shown).
3.3. Localisation of IL-20 and IL-24 in the synovial

membrane

The localisation of IL-20 and IL-24 in synovial mem-
branes from patients with RA and OA were analyzed by
immunohistochemistry. IL-20 staining was evident in syno-
vial biopsies of all RA patients, selectively in the sublining
mononuclear cells and in infiltrating granulocytes (Fig. 3B
and C). IL-20 staining was also detectable in the synovial
biopsies from OA patients, but only a small number of
positive cells were present.

IL-24 was detectable in all synovial biopsies from RA
patients. The cells showing the highest expression of IL-
24 were the endothelial cells of the synovial blood vessels,
while mononuclear cells of the sublining layer were more
weakly stained (Fig. 3E and F). To confirm the staining
of endothelial cells immunoflourescence double staining
with anti-IL-24 and anti-von Willebrand factor was per-
Fig. 3. Distribution of IL-20 and IL-24 in the RA synovial membrane. (A) No
the anti-IL-20 antibody with recombinant human IL-20 (inset). (B) IL-20 staini
(C) in infiltrating granulocytes. (D) No staining was observed with goat IgG is
human IL-24 (inset). (E) IL-24 was observed in sublining mononuclear cells a
formed showing co-localisation (data not shown). IL-24
staining in the synovial biopsies of OA patients was weaker
with discreet staining of endothelial cells and without stain-
ing of mononuclear cells.
3.4. IL-20R1 and IL-22R expression on synovial fluid cells

The expression of IL-20R1 and IL-22R on the synovial
fluid cells from RA and SpA patients and on peripheral
blood leukocytes from normal healthy volunteers was mea-
sured by flow cytometry. The receptor subunits were found
on a subset of CD66 positive cells (Fig. 4) while CD3 and
CD14 positive cells did not express IL-20R1 and IL-22R.
The frequency of CD66 positive synovial fluid cells that
also expressed IL-20R1 and IL-22R was 3.16% (2.13–
5.19%) and 2.81% (2.50–5.80%), respectively. The fre-
quency of CD66 positive peripheral blood cells that also
expressed IL-20R1 and IL-22R was 0.89% (0.56–1.27%)
and 0.78% (0.62–0.95%), respectively. For both IL-20R1
and IL-22R, the expression on CD66 positive synovial fluid
cells was significantly higher than that on CD66 positive
peripheral blood leucocytes (P = 0.001) (data not shown).
3.5. Effects of IL-20 and IL-24 on production of CCL2/

MCP-1, TNFa, and IL-6

The effect of IL-20 and IL-24 on CCL2/MCP-1, TNFa
and IL-6 production in SFMC cultures from RA patients
and SpA patients was examined. The concentrations of
IL-20 and IL-24 used in the in vitro experiments were sim-
ilar to the highest concentrations that were found in patient
synovial fluid samples. The levels of CCL2/MCP-1 and
staining was observed with mouse IgG1 isotype or after preincubation of
ng was observed in mononuclear cells distributed in the sublining layer and
otype or after preincubation of the anti-IL-24 antibody with recombinant
nd (F) in endothelial cells of the synovial blood vessels.



Fig. 4. IL-20R1 and IL-22R expression on synovial fluid cells of RA and SpA patients and on peripheral blood leukocytes of normal healthy volunteers.
In both RA and SpA patients (synovial fluid cells) and normal healthy volunteers (peripheral blood leukocytes), IL-20R1 and IL-22R were found on a
subpopulation of CD66 positive cells. No staining was observed with rabbit IgG isotype.
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IL-6 in SFMC culture supernatants were measured by
ELISA. TNFa mRNA in SFMC was measured by qRT-
PCR because the levels of TNFa in supernatants were in
the region of the detection limits of the ELISA system.
Addition of recombinant human IL-20 increased the pro-
duction of CCL2/MCP-1 1.6-fold and the addition of
recombinant human IL-24 increased the production of
CCL2/MCP-1 1.8-fold. TNFa and IL-6 production were
unchanged (data not shown).

The discovery of the stimulatory effect of IL-20 and IL-
24 on the production of CCL2/MCP-1 led to the examina-
tion of a possible correlation between IL-20 and IL-24 lev-
els and levels of CCL2/MCP-1 in synovial fluid and plasma
from RA and SpA patients. Significant positive correla-
tions were observed between CCL2/MCP-1 and IL-20 in
plasma from RA and SpA patients (P = 0.003) (Fig. 5A)
and between CCL2/MCP-1 and IL-24 in both plasma
and synovial fluid from RA and SpA patients (P = 0.001
and P = 0.0001, respectively) (Fig. 5B and C).
Fig. 5. Correlations of CCL2/MCP-1 with IL-20 and IL-24 in RA and SpA
CCL2/MCP-1 in plasma and (A) IL-20 in plasma and between levels of CCL
4. Discussion

This study is the first to investigate the expression profile
of IL-20 in SpA and provides the first association between
IL-24 and rheumatic diseases. The results indicate interest-
ing and distinct roles for IL-20 and IL-24 in RA and SpA.
IL-20 and IL-24 levels in RA and SpA patients were
increased 1.5- to 2.5-fold in comparison with non-inflam-
matory disease controls and normal controls. RA and
SpA patients had similar levels of IL-20 and IL-24. The
level of IL-24 was around 10 times higher than that of
IL-20 in the synovial fluid. Because the two cytokines share
receptor complexes, this suggests that IL-24 plays a domi-
nant role locally in the joint. The IL-24 level in this study
was similar to the level of IL-24 found in a previous study
while the level of IL-20 measured in this study was a factor
1000 lower than the IL-20 level measured in another
recently published study [20,26]. Furthermore, the latter
study also showed a difference between local and systemic
patients. Significant positive correlations were observed between levels of
2/MCP-1 in plasma and IL-24 in both (B) synovial fluid and (C) plasma.
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levels of IL-20. The reason for the discrepancy is not
known.

The low levels of IL-20 and IL-24 mRNA observed in
the synovium of RA and SpA patients and the similar con-
centrations of the two cytokines found in synovial fluid and
plasma suggest that the cellular sources of the two cyto-
kines are located outside the synovial joint. A recent study
has proposed that epidermal alterations in chemokine and
cytokine expression initiate not only skin lesions but also
arthritis in a psoriasis model [27]. This further supports
the hypothesis that alterations in IL-20 and IL-24 produc-
tion outside the synovial joint contribute to rheumatic dis-
ease. A complementary source of IL-20 and IL-24 could be
peripherally activated mononuclear cells infiltrating the
synovial joint, as it has previously been shown that periph-
erally activated cells infiltrate the synovial joint in rheu-
matic diseases [28]. In further support of this theory, IL-
20 and IL-24 protein were found in mononuclear cells in
this study, and previous studies have observed IL-20 and
IL-24 production by monocytes [9].

The IL-20 and IL-24 found in the synovial joint of RA
and SpA patients indicate that these cytokines have tar-
geted cells at this location, but the specific cellular target
subpopulation of IL-20 and IL-24 may be very difficult
to clarify. This is partly because the functional receptor
for the two cytokines is composed of two receptor subunits,
and partly because both cytokines can use either of the two
receptor complexes IL-20R1/IL-20R2 and IL-22R/IL-
20R2. It is not understood how IL-20 and IL-24 compete
for the same receptors on their target cells. The complexity
is further increased because IL-19 can also signal through
the receptor complex IL-20R1/IL-20R2 [13,14].

It has previously been shown that IL-20 can induce neu-
trophil chemotaxis [20]. In this study, IL-20R1 and IL-22R
were expressed on granulocytes from the synovial fluid of
RA and SpA patients indicating that IL-20 and IL-24
could be implicated in neutrophil chemotaxis in arthritis.
Moreover, IL-20 was observed in infiltrating granulocytes
in the synovial membrane of RA patients further support-
ing a functional role of granulocytes as target cells for IL-
20. In line with a recent study, the two receptor subunits
were not detected on monocytes and lymphocytes [29].

IL-24 was observed in endothelial cells of the synovial
blood vessels. This suggests an important role of these cells
in the biological function of IL-24. Supporting an associa-
tion of endothelial cells with IL-20 and IL-24 the receptor
subunits for the two cytokines have previously been found
on endothelial cells [30] and both IL-20 and IL-24 have
been associated with angiogenesis. IL-20 has been shown
to both induce and inhibit angiogenesis, while IL-24 has
been found to be anti-angiogenic [31–33].

It seems that IL-20 and IL-24 have some similar roles in
the cytokine network in rheumatic disease. IL-20 and IL-24
did not increase the TNFa mRNA expression or the pro-
duction of IL-6 in SFMC cultures suggesting that IL-20
and IL-24 do not directly induce the production of these
cytokines in arthritis. IL-20 and IL-24 in physiological
concentrations induced the production of CCL2/MCP-1
in SFMC cultures implicating the two cytokines in the
recruitment of mononuclear cells to the synovial joint by
CCL2/MCP-1. This connection was further supported by
the positive correlations between the two cytokines and
CCL2/MCP-1 in patient samples. These correlations are
also of interest because CCL2/MCP-1 has been shown to
correlate to the number of swollen joints in RA [34]. The
positive correlations to this pseudo-parameter of disease
activity therefore also strengthen the association of IL-20
and IL-24 with RA and SpA.

This study associates IL-20 and IL-24 to the synovium
of RA and SpA. The mononuclear cells in the synovial
membrane could play a critical role in the biological func-
tion of IL-20 while IL-24 seems important for endothelial
cell function. IL-20 and IL-24 could be implicated in the
recruitment of granulocytes and mononuclear cells to the
synovial joint.
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