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Abstract Rheumatoid arthritis (RA) is a chronic immu-
nological disease, the invasive monocytes/macrophages and
lymphocytes present in synovial cells and synovial tissue
produce many cytokines and inflammatory mediators by
paracrine signaling and plays a role in the pathological
progress in RA patients. Interleukin-18 (IL-18) is a repre-
sentative proinflammatory factor and displays multiple
biological functions. This study was designed to investigate
the expression of IL-18 and its receptor (IL-18R) and IL-18
binding protein (IL-18BP) in serum, synovial fluid, and
synovial tissue of patients with RA, and to identify the
pathological role of IL-18 in RA. Serum, synovial fluid, and
synovial tissue were obtained from RA patients. Samples
from patients with osteoarthritis and healthy people were
obtained as controls. Levels of IL-18, IL-18BP, and PGE2
in serum and synovial fluid were measured by enzyme-
linked immunosorbent assay. The biological activity of
IL-18 in serum and synovial fluid was detected on the basis
of IFN-y secretion from IL-18-responding human
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myelomonocytic KG-1 cells. NO in serum and synovial
fluid was detected by Griess reaction. Expression of IL-18,
IL-18BP, IL-18R, iNOS, and COX-2 mRNA and protein in
synovial tissues was determined by quantitative reverse
transcriptase polymerase chain reaction and Western blot.
This study shows the expression levels of IL-18, IL-18R,
iNOS, COX-2, and the biological activity of IL-18 in both
serum and synovial fluid and tissue of patients with RA
were significantly increased compared with the corre-
sponding samples from the two control groups. In addition,
expression of IL-18BP in patients with RA was decreased
compared with samples from the two control groups. In
conclusion, the overexpression of IL-18 and IL-18R may
play an important role in the pathogenesis of RA.

Keywords Interleukin-18 - Interleukin-18 receptor -
IL-18 binding protein - Rheumatoid arthritis - Cytokines

Introduction

Rheumatoid arthritis (RA) is a chronic immunological
disease involving polyarticular synovitis that leads to the
formation of rheumatoid pannus and subsequent erosion
of articular cartilage and bone. Accumulating evidence
suggests that the invasive monocytes/macrophages and
lymphocytes present in synovial cells and synovial tissue
produce many cytokines and inflammatory mediators by
paracrine signaling and plays a role in the pathological
progress in RA patients [1-4]. Recent studies have dem-
onstrated monocyte Th1/Th2 imbalances in RA patients’
synovial fluid. The secretion of cytokines such as IFN-y
and interleukin-12 (IL-12) from inflammatory Thl cells
was increased; conversely, anti-inflammatory Th2 cell and
their cytokines were relatively decreased, including IL-4
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and IL-10 [5]. This is considered to be important in the
pathogenesis of RA patients. IL-18, also known as IFN-
gamma-inducing factor, is a cytokine of the IL-1 family [6]
that was cloned from liver in toxic shock rats by Okamara
[7] in 1995. IL-18 displays multiple biological functions
and is a representative Thl cytokine. It induces cells to
synthesize IFN-y, enhances cell toxicity mediated by FasL,
and induces the expression and synthesis of TNF-a, IL-1§,
and other chemotactic factors [8, 9]. IL-18 has a direct
effect on arthritic chondrocytes and synovial tissue, and
plays a pivotal role in articular cartilage degeneration [10].
A recent study also showed that IL-18 plays a unique role
in inducing the secretion of angiogenic SDF-1/CXCL12,
MCP-1/CCL2, and VEGF in RA synovial tissue fibroblasts
via distinct signaling intermediates [11]. Activated and
increased IL-18 in RA patients induces cytokine produc-
tion by natural killer cells, macrophages, and neutrophils,
promotes angiogenesis and reverses endothelial cell apop-
tosis, and retards fibroblast apoptosis and modulates
function in varied tissue cell lineages including keratino-
cytes, osteoclasts, and chondrocytes [12]. As a proinflam-
matory factor, IL-18 stimulates NO expression and induces
synovial cartilage cells to express iNOS, COX-2, and IL-6,
resulting in a great deal of NO and PGE2 production,
inflammatory injury, and articular recessive degeneration
[13, 14]. However, some dispute remains regarding the
function of IL-18 in RA pathogenesis. Some research has
reported that the peripheral blood mononuclear cells
(PBMCs) from RA patients reveal decreased IFN-y pro-
duction in response to IL-12 and IL-18 when compared
with healthy subjects’ PBMCs in vitro [15]. In order to
clarify the function of IL-18 during the RA process, we
investigated levels of IL-18, IL-18BP, IL-18 receptor (IL-
18R), iNOS, and COX-2 in serum, synovial fluid, and
synovial tissue in samples from RA patients, osteoarthritis
(OA) patients, and healthy controls. This study discusses
the function of IL-18 in RA.

Materials and methods
Object

Twelve samples of synovial tissue were taken from RA
patients who had an arthral replacement or synovial exci-
sion operation in The First Affiliated Hospital of Zhejiang
University and that gave informed consent. All patients
were diagnosed according to the standards defined by the
American College of Rheumatology in 1987. Control
samples came from eight OA patients, and seven patients
who underwent operations for injury. Serum, synovial
fluid, and synovial tissue were accumulated and preserved
at —80°C for further use.
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ELISA for IL-18, IL-18BP, PGE2, and NO in serum
and synovial fluid

Interleukin-18, IL-18BP, and PGE2 levels in serum and
synovial fluid were assayed by a specific enzyme-linked
immunosorbent assay (ELISA) kit (R&D Systems, Min-
neapolis, MN, USA) according to the manufacturer’s
instructions. The detection of total nitrite was then deter-
mined as a colored azo-dye product of the Griess reaction
that absorbs visible light at 540-570 nm.

Assay for bioactivity of IL-18

The bioactivity of IL-18 in serum and synovial fluid was
detected by ELISA (R&D Systems, Minneapolis, MN,
USA), based on IFN-y secretion from IL-18-responding
human myelomonocytic KG-1 cells. The protocol was in
accordance with the method reported by Yamamura [16].
IL-18 activity in the samples was determined from the
difference in the levels of IFN-y between those cultures
treated with and without anti-IL-18 monoclonal antibody
(mAb; R&D Systems, 2 pg/ml).

Quantitative real-time polymerase chain reaction assay

To assay mRNA expression of IL-18, IL-18R, IL-18BP,
iNOS, and COX-2 in synovial tissue, total RNA was iso-
lated from 50 mg of tissue using TRIzol reagent
(Invitrogen, CA, USA) according to the manufacturer’s
protocol. All procedures were carried out using RNase-free
reagents. RNA (1 pg) was reverse transcribed into cDNA
using SuperScript II reverse transcriptase (Invitrogen) in a
20-pl reaction volume. Quantitative reverse transcriptase
polymerase chain reaction (QRT-PCR) was performed
using LightCycler technology (Roche Molecular Bio-
chemicals, Mannheim, Germany) with SYBR Green I
detection. In all assays, cDNA was amplified using a
standardized program (a 10-min denaturing step; 50 cycles
of 5 min at 95°C, 15 s at 65°C, and 15 s at 72°C; melting
point analysis in 0.1°C steps; and a final cooling step).
Each LightCycler capillary was loaded with 1.5 pl DNA
Master Mix, 1.8 ul MgCl, (25 mM), 10.1 pl H,O, and
0.4 pl of each primer (10 uM). The final amount of cDNA
per reaction corresponded to 5.0 ng of RNA used for
reverse transcription. Relative quantification of target gene
expression was performed using a mathematical model, as
recommended by Roche Molecular Biochemicals. The
results are expressed as the ratios of the genes assayed to
B-actin. The primer sequences are given in Table 1. The
reaction specificity was confirmed by 1.5% agarose gel
electrophoresis of products after real-time PCR and melt-
ing curve analysis.
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Table 1 The sequences of

Primer (5'-3") Product size (bp)

oligonucleotide primers used Gene
for PCR IL-18 Sense
Antisense
IL-18BPx Sense
Antisense
IL-18Ra Sense
Antisense
COX-2 Sense
Antisense
iNOS Sense
Antisense
B-Actin Sense
Antisense

TTC GGG AAG AGG AAA GGA AC 480
AAG GAT ACA AAA AGT GAC AT

CCT CTA CTG GCT GGG CAA TGG 295
TTA ACC CTG CTG CTG TGG AC

CCC AAC GAT AAA GAA GAA CGC 419
TGT CTG TGC CTC CCG TGC TGG C

CAG CAC TTC ACG CAT CAG TT 756
TCT GGT CAA TGG AAG CCT GT

TCT TGG TCA AAG CTG TGC TC 237
CAT TGC CAA ACG TAC TGG TC

CGC TGC GCT GGT CGT CGA CA 619

GTC ACG CAC GAT TTC CCG CT

Western blotting for IL-18, IL-18R, IL-18BP, iNOS,
and COX-2

Synovial tissues were collected and lysed in a lysis buffer
[20 mM Tris-HC1 (pH 7.5), 150 mM NaCl, 1 mM
Na,EDTA, 1 mM EGTA, 1% Triton, 1% NP-40, 2.5 mM
sodium pyrophosphate, 1 mM B-glycerophosphate, 1 mM
leupeptin, I mM phenyl methylsulfonyl fluoride] for 30 min
at 4°C. The insoluble material was then removed by centri-
fugation at 8,000 x g for 10 min at 4°C. The concentration of
protein in each cell lysate was determined using a BCA
protein assay kit (Pierce, IL, USA) with bovine serum
albumin (BSA) as the standard. An identical amount of
protein (40 ng) from each sample was loaded onto a 10%
SDS-PAGE gel and electrophoresed at 200 V. Proteins were
then transferred to nitrocellulose membranes (0.45 pum,
Millipore, MA, USA) that were blocked with 5% BSA
(Sigma, LA, USA) in TBS (25 mM Tris-HCI, 150 mM
sodium chloride, pH 7.2) for 1 h at room temperature. Blots
were incubated with anti-IL-18, anti-IL-18Ra, anti-IL-
18BPux, anti-iNOS, or anti-COX-2 primary antibody (R&D
Systems) or anti-B-actin specific primary antibody (Santa
Cruz, CA, USA ) at 1:800 dilution at room temperature
for 2 h. Blots were washed three times and then incubated
with horseradish peroxidase-conjugated secondary antibody
(1:2,000 dilution) for 1 h atroom temperature. All blots were
developed using enhanced chemiluminescence reagents
(SuperSignal Dura Kit, Pierce) according to the manufac-
turer’s instructions. The signals were captured on X-ray film.

Data and statistical analysis
The data presented are mean £ SD. Significance of the

differences between the experimental conditions was
determined by a paired two-sample Student’s #-test.

Results

Levels of IL-18, IL-18BP, PGE2, and NO in serum
and synovial fluid

Interleukin-18, IL-18BP, PGE2, and NO concentrations in
serum and synovial fluid were measured in RA patients,
OA patients, and healthy controls (Table 2). IL-18, PGE2,
and NO levels in the RA group were significantly higher
than those in the OA group and healthy controls, and
IL-18BP levels were lower than those in the OA group
and healthy controls, both in serum and synovial fluid
(P <0.01). Further, IL-18, PGE2, and NO levels in
synovial fluid of RA patients were significantly higher than
those in the serum of RA patients. Additionally, IL-18,
PGE2, and NO levels in serum and synovial fluid of OA
patients were higher than those in healthy controls
(P < 0.01).

Bioactivity of IL-18 in serum and synovial fluid

The bioactivity of IL-18 was determined by IFN-y levels
in supernatants of human myelomonocytic KG-1 cells
induced by IL-18. Concentrations of IFN-y in culture
supernatants were measured by ELISA. Both in serum
and synovial fluid, samples from RA patients were able
to induce IFN-y production by KG-1 cells more strongly
than were those from OA patients and healthy controls
(P <0.01), as shown in Fig. 1. The mean level of
IL-18 bioactivity in RA synovial fluid was estimated by
taking the difference in IFN-y levels between cultures
with and without anti-IL-18 antibodies. Further, the
bioactivity of IL-18 in serum and synovial fluid of OA
patients was higher than in healthy controls (P < 0.01;
Fig. 1).
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Table 2 Levels of IL-18, IL-18BP, PGE2, and NO in serum and synovial fluid

Group n IL-18 (pg/ml) IL-18BP (pg/ml) PGE2 (ng/ml) NO (pmol/l)

Serum Synovial fluid  Serum Synovial fluid Serum Synovial fluid Serum Synovial fluid
RA 12 156.2 + 58.4% 278.4 + 64.9%° 477 +284% 565+ 25.8° 273 + 1.04* 5.14 + 1.78>° 86.2 + 32.4* 131.4 + 36.2%°
OA 8 67.6+382° 882 +34.6° 121.6 +£57.2° 138.4 £ 52.7° 1.82 +£1.34° 276 + 1.42° 42.8 +26.4° 57.5 +29.4°
Healthy 7 247 +£192 362+ 174 1942+ 674 179.1 £862 038 £0.18 062+ 023 1724126 22.6 + 148

Serum and synovial fluid were collected. IL-18, IL-18BP, and PGE2 levels in serum and synovial fluid were assayed by ELISA. The detection of
nitric oxide was then determined by colorimetric assay. Data are expressed as mean £ SD. IL-18, PGE2, and NO levels in serum and synovial
fluid among RA patients were significantly higher and IL-18BP levels were lower than in OA patients and healthy controls. Within RA patients,
levels in the synovial fluid were significantly higher than in the serum. IL-18, PGE2, and NO levels in serum and synovial fluid of OA patients

were higher than those in healthy controls

? Compared with OA and healthy controls, P < 0.01

b Compared with healthy controls, P < 0.01, by Student’s t-test
¢ Compared with serum, P < 0.01

IL-18, IL-18BP, IL-18R, iNOS, and COX-2 mRNA
expression in synovial tissue

We performed QRT-PCR to determine the expression of IL-
18, IL-18BP, IL-18R, iNOS, and COX-2 mRNA in synovial
tissue among RA patients, OA patients, and healthy con-
trols. We found that there were significant increases in
mRNA expression of iNOS, COX-2, IL-18, and IL-18R in
synovial tissue of RA patients, while IL-18BP expression
was decreased in RA patients, as compared with those of
OA patients and healthy controls. The mRNA expression of
iNOS, COX-2, IL-18, and IL-18R in synovial tissue of OA
patients was higher than those in healthy controls, while in
OA patients, IL-18BP decreased (Fig. 2).
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Fig. 1 Bioactivity of IL-18 in serum and synovial fluid. The serum
and synovial fluid were collected for the assay. The bioactivity of IL-
18 was detected based on IFN-y secretion from IL-18-responding
human myelomonocytic KG-1 cells. Concentrations of IFN-y in
culture supernatants were measured by ELISA. IL-18 bioactivity in
each sample was determined by the difference in IFN-y levels
between cultures with and without anti-IL-18 antibody. Asterisk:
compared with OA and healthy groups, P < 0.01; filled triangle:
compared with healthy group, P < 0.01, by Student’s -test
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Fig. 2 Detection of mRNA expression of iNOS, COX-2, IL-18,
IL-18BP, and IL-18R in synovial tissue by real-time quantitative
RT-PCR. Total RNA was isolated from synovial tissue using TRIzol
reagent. Quantitative RT-PCR was performed by LightCycler tech-
nology with SYBR Green I detection. The reaction specificity was
confirmed by 1.5% agarose gel electrophoresis of products after real-
time PCR and melting curve analysis. a PCR products were separated
on a 1.5% agarose gel with ethidium bromide in TBE buffer.
b Expression of iNOS, COX-2, IL-18, IL-18BPx, and IL-18Rax
mRNA in synovial tissue was detected by LightCycler technology
with SYBR Green I detection. The results are expressed as the ratios
of iNOS, COX-2, IL-18, IL-18BPo, and IL-18Ro to B-actin
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Fig. 3 Western blot analysis of protein expression of iNOS, COX-2,
IL-18, IL-18BP, and IL-18R in synovial tissue. Synovial tissue was
collected and lysed in a lysis buffer. Tissue protein (40 pg/sample)
was subjected to Western blot analysis using a primary antibody
specific to iNOS, COX-2, IL-18, IL-18BPa, or IL-18Rax, followed by
incubation with HRP-conjugated secondary antibody. Actin staining
was used as the loading control. The reaction was visualized by ECL,
and signals were captured on an X-ray film

IL-18, IL-18R, IL-18BP, iNOS, and COX-2 protein
expression in synovial tissue

In order to illustrate protein levels in RA, we performed
Western blots to detect the expression of IL-18, IL-18R,
COX-2, and iNOS in synovial tissue (Fig. 3). We found IL-
18, IL-18R, COX-2, and iNOS levels were elevated, while
IL-18BP levels were decreased, as compared with the
synovial tissue of OA patients and healthy controls. We
also found IL-18, IL-18R, COX-2, and iNOS levels in OA
patients were higher than those in healthy controls, while
IL-18BP levers were slightly lower (Fig. 3).

Discussion

Recent data has been presented to indicate a critical role for
IL-18 in RA. T cells and macrophages invading the syno-
vium or in the synovial fluid are the chief cellular targets of
IL-18 in RA [17]. IL-18 was produced by macrophage-like
cells after IL-1B-converting enzyme (ICE) induction [9].
Its biochemical effects on anticancer, anti-inflammatory,
and immune regulation are important for human medicine
[18]. As a Thl relative cytokine, IL-18 highly correlates
with immune diseases.

Olee [13] reported that IL-18 had an effect on chondro-
cytes and inhibited cartilage cell hyperplasia induced by
TGF-p, thereby increasing NO expression and stimulating
synovial cartilage cells to express iNOS, COX-2, and IL-6.
The presence of these mediators resulted in a great deal of
NO and PGE2 production, which furthered the inflamma-
tory injury and articular recessive degeneration. Leung’s
studies [19] revealed that IL-18 promoted RA’s occurrence
induced by collagen, and that its mechanism was different
than, but cooperated with, IL-12. Moreover, Wei [20]
established the rat model of collagen-induced arthritis and
showed that the inflammatory degree was obviously lower

in IL-18 gene deficient rats compared with wild rats. Cho
et al. [21] reported that IL-18 enhanced the production of
VEGF, one of the angiogenic factors in RA, and that AP-1
was the major signal molecule involved in VEGF produc-
tion by IL-18. Together, these data support the supposition
that IL-18 plays an important role in the pathogenesis of RA.

Our study demonstrates an increase in both the protein
concentration and biological activity of IL-18 in serum and
synovial fluid, and in the expression of IL-18 in synovial
tissue, compared to the OA patients and the control group.
These results coincide with research by Munakata [22] and
Moller [23]. We also found that levels of IL-18 in synovial
fluid were higher than in serum, which supports the report
of Gracie [10], who found that synovial fibroblasts and
invasive monocytes/macrophages in synovial tissue were
the main source of synovial IL-18. We detected that the IL-
18R concentration in serum and synovial fluid and the
expression of IL-18R in synovial tissue were much higher
than in OA patients and the control group. IL-18 exerts its
biological effects via its receptor complex. The IL-18R
complex is a heterodimer containing an o chain responsible
for extracellular binding of the IL-18 o chain and a non-
binding signal-transducing B chain, both members of the
IL-1R family [24]. On binding of IL-18 to IL-18Ra, IL-
18R} is recruited and induces signaling pathways. Kawa-
shima and Miossec [25] revealed that in a culture system
including T cells, IL-18R mRNA was constitutively
expressed by RA synovium cells, and IL-12 could induce
the expression from PBMCs or RA synovium cells. In
contrast, RA synoviocytes did not express IL-18Rf
mRNA, even after stimulation with IL-1 or IL-12. Thus,
involvement of IL-18 in the pathogenesis and joint
destruction of RA appears to be through T cell or macro-
phage activation. Some reports showed a massive
production of INF-y by T cells as a result of upregulation of
IL-18R expression on naive T cells, Thl cells and B cells
by IL-12 [10, 26]. In addition to IL-18, we tested the
expression of iNOS and COX-2 mRNA and protein in
synovial tissue and the concentrations of NO and PGE2
in serum and synovial fluid. The results demonstrate that
levels in RA patients were significantly higher than those in
other groups. Our results are in accordance with Olee [13]
and Gracie et al. [10], whose report showed NO is up-
regulated in RA SM in vitro by IL-18.

Thus, we propose the role of IL-18 in RA is as follows:
Pro-IL-18 is cleaved by ICE (caspase 1) to yield an active
IL-18 glycoprotein. IL-18, in marked synergy with 1L-12
and IL-15, promotes IFN-y, TNF-o and GM-CSF produc-
tion [12]. IL-18 expression is up-regulated in turn in FLS,
chondrocytes, synovial cells, and infiltrated monocytes/
macrophages by IL-1f and TNF-« in synovial fluid. This is
thus a positive feedback loop that could explain the cyto-
kine predominance in RA [27]. A part of the excess
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expression of IL-18 is released into the blood circulation,
and produces biological effects by combining with its
receptor. IL-18 induces overexpression of IFN-y by T cells,
which might result in the gene expression of iNOS and
COX-2 by chondrocytes and FLS directly or indirectly. As a
result, there is overproduction of NO and PGE2. All these
factors together induce abnormal hyperplasia of synovial
tissue and cartilage degeneration. Moreover, the consis-
tency of IL-18 in serum and synovial tissue of RA patients
promotes upregulation of Thl cells and inhibits Th2 cells
in blood and synovial fluid, which results in a greater
imbalance of Th1/Th2 and aggravates patient illnesses.
Chemoattraction of T cells by IL-18 was demonstrated both
in vitro and in vivo. A recent study demonstrated that IL-18
induced the expression of chemotactic factors in RA such as
CXC, chemotactic factors receptor-5 (CXCR-5), and mac-
rophage inflammatory protein-1. This resulted in a great
deal of inflammatory cells locally invading, and the devel-
opment of inflammation [28]. IL-18 alone or in combination
with IL-12 induces T cell adhesion to inflamed sites to
regulate early inflammatory events [29]. IL-18 increased the
proportion of T cells in polarized morphology in vitro and
stimulated their subsequent invasion into collagen gels in an
IL-18 concentration-gradient-dependent manner. Further-
more, RA synovial CD4" but not CD8™ T cells also migrate
to IL-18. Injection of IL-18 into the footpad of DBA/I mice
led to local accumulation of inflammatory cells. IL-18 can
contribute to the development of an acquired immune
response and the maintenance of chronic immune stimula-
tion in diseases such as RA by promoting chemotaxis of
activated T cells [17].

Research has shown that a IL-18 mAb, a dissoluble
IL-18 receptor (sIL-18R), and IL-18 binding protein
(IL-18BP) have been applied in the therapy of some
immunological diseases and RA, and can control disease
development [16, 30-33]. Here, we detected the levels of
IL-18BP in synovial fluid, serum, and IL-18BP expression
in synovial tissue. We found that IL-18BP decreased in
serum, synovial fluid, and synovial tissue along with the
increases of IL-18 and IFN-y. An in vitro study [34] indi-
cated that production of IL-18BP did not increase without
stimulation of IL-12 in the culture supernatants of PBMCs
and synovial tissue from RA patients. As a constitutively
secreted protein, IL-18BP is able to bind IL-18 with high
affinity, providing a potential mechanism whereby IL-18
activity could be regulated. IL-18BP inhibits IL-18-
induced IFN-y and IL-8 production and NF-xB activation
in vitro, as well as LPS-induced IFN-y production in vivo
[35, 36]. However, Moller et al. [37] found IFN-y markedly
up-regulated IL-18BP mRNA levels in long-term cultured
FLS. Conditioned media from IFN-y-stimulated FLS cul-
tures reduced IL-12/IL-18-dependent IFN-y production by
PBMCs. Combined with our results, it is possible that a
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negative feedback mechanism of IFN-y-induced IL-18BP
inhibiting IL-18 could repress established inflammation.
IL-18BP isoforms are capable of binding to and neutral-
izing IL-18 [38], and can inhibit IL-18 activity in vitro
[39]. All these results make it feasible that expression of
IL-18BP in RA patients could inhibit IL-18 to reverse
pathological progression. Therapeutic administration of IL-
18BP in patients may modulate the cytokine balance,
thereby ameliorating established arthritis, as observed in an
RA animal model [40]. Our previous research showed that
combination treatment with IL-18BP and IL-4 has signifi-
cant modifying effects on the Th1/Th2 imbalance by
increasing serum concentrations of IL-4 and IL-10 but
greatly decreasing serum concentrations of IFN-y, TNF-a,
and IL-18 in murine CIA that is produced by local over-
expression of IL-18BP and IL-4. This indicates that co-
treatment with IL-18BP and IL-4 is a promising potential
therapy for RA [41].

In conclusion, our research indicates that IL-18 might
play an important role during RA progression. Over-
expression of IL-18, IL-18R, PGE2, and NO in serum,
synovial fluid, and synovial tissue, and an imbalance
between serum/synovial fluid and synovial tissue, might be
responsible for RA. Moreover, IL-18 might be a target for
binding with IL-18BP, a neutralizing protein of IL-18, that
could control the progression of RA.
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