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Background: Dendritic cells (DC) have a role in the regulation of immunity and tolerance, attracting
inflammatory cells by the production of various chemokines (CK). Fc gamma receptors (FccR) may be
involved in regulation of the DC function.
Objective: To assess the expression of CK by immature (iDC) and mature DC (mDC) and its regulation by
FccR in patients with RA and healthy donors (HC).
Methods: Expression of CK by DC from patients with RA and from HC was determined by real time
quantitative PCR and ELISA. DC were derived from monocytes following standardised protocols. To study
the potential regulation by FccR, iDC were stimulated with immune complexes (IC) during
lipopolysaccharide (LPS) induced maturation. The presence of CK was studied in synovial tissue from
patients with RA, osteoarthritis, and healthy subjects by RT-PCR and immunohistochemistry.
Results: iDC from patients with RA had markedly increased mRNA levels of the CK CCL18 and CXCL8.
Upon maturation with LPS, expression of CCL18, CCL19, CXCL8, CCL3, and CCL17 increased
dramatically, reaching significantly higher levels in patients with RA. Monocytes failed to express these CK,
except for CXCL8 and CCL3. IC-mediated triggering of the FccR on DC from patients with highly active RA
down regulated all CK, whereas the reverse was seen when DC from patients with low disease activity and
healthy donors were stimulated. CCL18 was significantly increased in RA synovial tissue.
Conclusion: Increased CK expression by DC was found in patients with RA. This expression is partly
regulated by FccR triggering and results in an inhibitory DC subtype in RA upon FccR-mediated triggering.

R
heumatoid arthritis (RA) is an inflammatory auto-
immune disease mainly characterised by inflammation
of the synovial joints, leading to progressive cartilage

breakdown and destruction of underlying bone. Within both
the synovial tissue and fluid there is a massive infiltration of
activated leucocytes. Furthermore, in RA the synovium is
characterised by features such as widespread hyperplasia and
angiogenesis. Many factors have been implicated in this
process, including growth factors, adhesion molecules, and
chemokines (CK).
CK are members of a complex superfamily of at least 50,

low molecular weight (6–14 kDa), proteins, and their
importance in autoimmune diseases, neoplasia, and cardio-
vascular diseases has been demonstrated recently.1 They play
an essential part in the interaction between leucocytes and
endothelial cells. CK induce the directional migration of cells
in homoeostatic and inflammatory conditions. Lymphocyte
homing to secondary lymphoid tissue, frequently present in
RA synovium, involves a sequel of events which is believed to
be tailored by CK.2

Dendritic cells (DC) are producers of a large set of different
CK.1 3 4 They are professional antigen presenting cells and
have a major role in the orchestration of both innate and
adaptive immune responses. In the immature state, DC
(further designated as iDC) are highly specialised in antigen
uptake and processing, whereas upon maturation DC
(further designated as mDC) become fully equipped for
antigen presentation.5–7 Intriguingly, these different func-
tions are also performed at different anatomical sites in the
body. iDC are scattered throughout the body and are there-
fore often referred to as ‘‘sentinels of the immune system’’.
Upon maturation, however, DC migrate to secondary

lymphoid organs to attract and interact with T cells. The
trafficking of DC, T cells, and other lymphocytes during
inflammatory processes is a key event and is critically
dependent on the production of CK and expression of their
corresponding receptors. iDC, produce low levels of inflam-
matory CK (for example, DC-CK1 (CCL18), ELC (CCL19),
MDC (CCL22), TARC (CCL17)) and express the inflammatory
CK receptors CCR1, CCR2, CCR5 CXCR2, and CCR8.8 Upon
triggering by inflammatory mediators such as tumour
necrosis factor a (TNFa) and interleukin (IL)1, DC mature
and down regulate the inflammatory receptors while up
regulating CCR7. In addition, mDC produce large amounts of
CK to attract T cells, B cells, monocytes, and macrophages.
DC have also been implicated in RA.9–13 Inflamed rheuma-

toid synovium has several characteristics resembling second-
ary lymphoid tissue, suggesting a role for CK.14 15 However,
the involvement and role of DC and CK produced by DC in
these processes during RA remains to be clarified.16–19 Until
now, the role of CK in RA has mainly focused on the CK
fractalkine (CXC3CL1),18 IL8 (CXCL8),20–22 RANTES (CCL5),23

monocyte chemotactic peptide 1 (MCP-1; CCL2),24 and
macrophage inhibitory protein 1a (MIP-1a; CCL3)25 and
their related receptors.

Abbreviations: CK, chemokine(s); DAS28, 28 joint count Disease
Activity Score; DC, dendritic cell(s); ELISA, enzyme linked
immunosorbent assay; FccR, Fc gammas receptor(s); GAPDH,
glyceraldehyde-3-phosphate dehydrogenase; HAGGs, heat aggregated
gammaglobulins; HRP, horseradish peroxidase; IC, immune complexes;
iDC, immature dendritic cells; IL, interleukin; LPS, lipopolysaccharide;
mDC, mature dendritic cells; OA, osteoarthritis; PBGD, porphobilinogen
deaminase; PCR, polymerase chain reaction; RA, rheumatoid arthritis;
TNFa, tumour necrosis factor a
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For antigen uptake DC use a wide variety of molecules,
including Fc gamma receptors (FccR). FccR bind IgG
molecules or immune complexes (IC) containing IgG which
are abundantly present in the serum and synovial fluid of
patients with RA. All FccR, except for FccRIIb, mediate
cellular activation signals upon triggering.26 27 Triggering of
these receptors plays a central part in immune mediated
tissue injury and the immunological outcome, and is partly
dependent on the balance between activating and inhibitory
FccR.28 The balance between activating or inhibiting FccR has
been shown to effect the Th1/Th2 balance.29 We have
demonstrated recently that DC from patients with RA express
increased levels of FccRIIb compared with those from healthy
controls.30 This altered balance led to aberrant production of
proinflammatory and anti-inflammatory cytokines such as
TNFa, IL6, and IL10 upon incubation with IC.30 31

In the present study we explored whether CK production by
DC is altered in RA. Furthermore, we investigated the potential
role of FccR in the regulation of CK expression by DC, including
several DC-specific and non-specific CK. The results demon-
strated an increased expression of CK by DC obtained from
patients with RA in comparison with those from healthy
subjects. We show that DC from patients with active disease
decreased their CK production upon triggering of FccR by IC.

PATIENTS AND METHODS
Patients and samples
Peripheral blood mononuclear cells were obtained from 26
patients with RA attending outpatient clinics of the
University Medical Centre (UMC) Nijmegen. Twenty two

healthy subjects were included as controls in the present
study. All patients fulfilled the American College of
Rheumatology criteria for RA and gave informed consent
for the study.32 The activity of the disease was assessed by the
28 joint Disease Activity Score (DAS28).33 For this study,
patients with a DAS28 .3.2 were considered to have active
RA. Remission in this study was characterised by a DAS28
,2.6. The number of disease modifying antirheumatic drugs
used by patients with RA was taken into account, and
patients who used prednisolone or biological agents, such as
TNFa and IL1 blocking agents, were excluded. For immuno-
histochemical analysis, synovial biopsy specimens were
obtained from three patients with RA, three with osteoarthri-
tis (OA), and three healthy subjects. Synovial tissue from
patients with RA was obtained by percutaneous biopsy of the
knee joint by using a Parker Pearson needle under local
anaesthesia. An average of 30 biopsy samples was obtained
on each occasion. The synovial tissue from healthy subjects
and patients with OA was isolated during arthroscopic
procedures performed by orthopaedic surgeons.
For determination of synovial CK mRNA expression,

synovial tissue samples of five patients with RA, five patients
with OA, and five healthy controls were compared. These
synovial samples were obtained by small needle arthroscopic
procedures and were a kind gift of Dr B Ostendorf
(Dusseldorf, Germany). Synovial fluid of seven patients with
RA, five patients with OA, and five patients with gout were
collected during arthroscopic procedures or joint puncture at
our centre. The study was approved by the ethics committee
of the University Medical Centre in Nijmegen.

Table 1 Primers and Taqman probes used for real time quantitative polymerase chain
reaction analysis4

Chemokine 59 Primer 39 59 Probe 39

DC-CK1 CCTGGAGGCCACCTCTTCTAA AGTCCCATCTGCTATGCCCAGCCAC
(CCL18) TGCAGCTCAACAATAGAAATCAATT

ELC CAGAGGACCTCAGCCAAGATG CCTATGACCGTGCAGAGGGAGCCC
(CCL19) TTCACAATGCTTGACTCGGACT

IL8 AGAAGTTTTTGAAGAGGGCTGAGA TCCAAGAATCAGTGAAGATGCCAGTGAAACTT
(CXCL8) CAGACCCACACAATACATGAAGTG

Lymphotactin GGACAGGAAATCCAACACCAGA CAACAGGAACCCAGCAATCGACCAA
(XCL1) GGACAGGGTGCCAGAGACTACT

MDC GTCCTGTTCCCATCAGCGAT CCATGACTCCCCACTGCCCTAAGCT
(CCL22) CAGGCTGGAGACAGAGATGGA

MIP-1a TGTGTTTGTGATTGTTTGCTCTGA CCTTCCCTCACACCGCGTCTGG
(CCL3) TGGTGCCATGACTGCCTACA

MIP-3a GGACATAGCCCAAGAACAGAAAGA TCCATGATGTGCAAGTGAAACCTCCAA
(CCL20) CAAACTATGATGCAATATGAATCAACTTC

SDF-1a ACTAAAACCTTGTGAGAGATGA CCTTAACCATGAGGACCAGGT
(CXCL12) GGGTCTAAATGCTGCAAACCT

SDF-1b ACAAGAGGTTCAAGATGTGAGA TAGGAGCCCAGCTCTGAAACCAG
(CXCL12) AGTGTGCAAAACAAAGCCCTT

SLC GTCTCCCAGGGAGCATGAGA ACTGTCCCCTTGAAGGAGAATCATCAGGA
(CCL21) GGGAGCCGTATCAGGTCCA

TARC GCAAAGCCTTGAGAGGTCTTGA CCTCCTCACCCCAGACTCCTGACTGTC
(CCL17) CGGTGGAGGTCCCAGGTAGT

GAPDH GAAGGTGAAGGTCGGAGT CAAGCTTCCCGTTCTCAGCC
AGATGGTGATGGGATTTC

PBGD GGCAATGCGGCTGCAA CTCATCTTTGGGCTGTTTTCTTCCGCC
GGGTACCCACGCGAATCAC
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Generation and culture of monocyte derived DC
Monocyte derived dendritic cells were cultured by standar-
dised protocols as previously described.30 Briefly, peripheral
blood mononuclear cells were isolated from heparinised
venous blood by density gradient centrifugation over
Ficoll-Hypaque (Amersham Biosciences, Roosendaal, The
Netherlands). The interphase was collected and washed with
citrated phosphate buffered saline, and then the cells were
allowed to adhere for 1 hour at 37 C̊ in RPMI-1640 (Life
Technologies, Breda, The Netherlands) supplemented with
2% human serum in six well culture plates (Costar,
Badhoeverdorp, The Netherlands). Adherent monocytes were
cultured in RPMI-1640 Dutch modification supplemented
with 10% fetal calf serum and antibiotic-antimycotic agents
(Life Technologies) in the presence of IL4 (500 U/ml;
Schering-Plough, Amstelveen, The Netherlands) and granu-
locyte monocyte-colony stimulating factor (800 U/ml;
Schering-Plough) for 6 days. Fresh culture medium with
the same supplements was added at day 3, and then iDC were
harvested at day 6. To generate mDC, iDC were resuspended
in fresh cytokine-containing culture medium and transferred
to new six well culture plates. For the maturation process,
2 mg/ml lipopolysaccharide (LPS; E coli, Sigma, Chemical Co,
St Louis, MO) was added. mDC were harvested after 2 more
days of culture.

Phenotypic characterisation of DC
Expression of cell surface markers on both iDC and mDC was
measured by indirect immunofluorescence staining as
described in detail previously.30 Briefly, the first layer was
attached after incubation of 16105 monocyte derived DC
for 30 minutes at 4 C̊ with monoclonal antihuman anti-
bodies against CD14, CD16, CD32, CD64 (all DAKO), DC-
SIGN,8 CD80 (Becton Dickinson), CD83 (Coulter), CD86
(Pharmingen), MHC-I (clone W6/32), MHC-II DQ (clone
SPV-L3), and MHC-II DP/DR (clone Q1513). After a washing
step, the cells were incubated with fluorescein isothiocyanate
conjugated goat antimouse IgG (GAM-FITC) for 30 minutes
at 4 C̊ in complete darkness. Cells were gated according to

their forward and side scattering patterns. For each marker
104 cells were counted in the gate.

Purification of monocytes
The monocytes used for detection of CK mRNA expression
were purified by density gradient centrifugation and
immunomagnetic separation techniques (magnetic activated
cell sorting (MACS)). At first, the pellet originating from the
Ficoll gradient was resuspended and incubated with CD14
positive labelled MACS microbeads (Miltenyi Biotec,
Bergische Gladbach, Germany). Positively labelled cells were
then isolated using separation columns that were placed in a
strong magnetic field. After removal of the magnetic field,
the cells were flushed out using RPMI-1640 supplemented
with 10% fetal calf serum, 1% glutamate, and 1% antibiotic-
antimycotic agents (all Life Technologies). Thereafter, the
cells were centrifuged and the pellet was dissolved in the
Trizol reagent and stored at270 C̊.

CK mRNA expression by DC after stimulation with
heat aggregated gammaglobulins
In certain experiments DC were cultured in the presence of
heat aggregated gammaglobulins (HAGGs), which bind and
cross link FccR. HAGGs were obtained by heating human IgG
(Sigma Chemicals) at 63 C̊ for 30 minutes. Thereafter the
solution was centrifuged at 12 000 g for 10 minutes, and the
concentration of HAGGs was determined from the absor-
bance at 280 nm. HAGGs (final concentration 100 mg/ml)
were then added to the culture medium for 48 hours.

Primers and probes
Table 1 shows the sequence of the primers (Life
Technologies) and Taqman probes (PE Biosystems,
Branchburg, New Jersey) used in this study. The CK-specific
probes were labelled at the 59 end with a FAM fluorescent
group and at the 39 end with a TAMRA quencher group. The
probes specific for the housekeeping genes glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) and porphobilinogen
deaminase (PBGD) were labelled with a VIC fluorescent
group at the 59 end.
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Figure 1 CK mRNA expression by immature and mature monocyte derived dendritic cells from patients with RA and healthy controls. CK expression
of iDC of patients with RA (black bars), healthy subjects (light grey bars), and after full maturation (patients with RA (dark grey bars), and healthy
controls (white bars)). The mRNA expression is related to PBGD expression set to level 1. Note the log scale of the y axis. The mean level of mRNA
expression is indicated by the number above the bar.
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Real time quantitative polymerase chain reaction
(PCR) analysis
Total RNA was extracted from monocytes, iDC and mDC, or
synovial tissue using 1 ml Trizol reagent (Life Technologies).
Reverse transcriptase-polymerase chain reaction was per-
formed using 1 mg RNA. OligodT primers were used for
reversed transcription of mRNA, and 5% of the resulting
cDNA was used in one PCR amplification. The latter was
performed at a final concentration of 200 mmol/l dNTPs,
0.1 mmol/l of each primer, and 1 unit Taq polymerase (Life
Technologies) in standard PCR buffer. As a control, the
reaction was also performed in the absence of reverse
transcriptase.
PCR reactions were performed in accordance with the

Taqman assay instructions, using an end concentration of
175 nmol/l probe and 600 nmol/l primers.34 35 The amplifica-
tions were performed on an ABI/PRISM 7700 sequence
detector system (PE-Applied biosystems). This system pro-
duces a real time amplification plot based upon the normal-
ised fluorescence signal. The expression levels of the CK were
related to the expression level of PBGD, a housekeeping gene
with intermediate expression levels. Furthermore, another
housekeeping gene GAPDH was used as an internal control
for the amount of cDNA in every subject.

Measurement of CK in culture supernatant, synovial
fluid, and serum
The CK protein level of CCL18 was measured in the
supernatant of the cell cultures, synovial fluid, and serum
of patients with RA and healthy subjects. The secretion of
CCL18 was analysed by a specific sandwich enzyme linked
immunosorbent assay (ELISA) as previously described.4 In
the CCL18 ELISA, mouse antihuman CCL18 monoclonal
antibody (AZN-CK18B) and goat antihuman PARC antibody
(R&D systems, Abingdon, UK) were used as primary and
secondary antibody, respectively. The detection antibodies
were stained with horseradish peroxidase (HRP) conjugated
donkey antigoat IgG (Jackson Immunoresearch Lab Inc,
West Grove, PA, USA) or HRP conjugated goat antirabbit IgG
(Zymed Laboratories Inc, San Fransisco, CA). HRP was
visualised by incubation with 3,39,5,59-tetramethylbenzidine
substrate. Thereafter, the absorption was measured at
450 nm using a Titertek multiscan ELISA reader (Bio-Rad
Laboratories, Veenendaal, The Netherlands). The detection
limit of the ELISA was 40 pg/ml.

Immunohistochemical analysis of CCL18 expression in
synovial tissue
Percutaneous synovial tissue biopsy samples of RA knee
joints and synovial tissue from controls obtained during
arthroscopic procedures were embedded in Tissue Tek OCT
(Miles Inc) and snap frozen in liquid nitrogen. Cryostat
sections (7 mM) were mounted on superfrost slides and
stored at 270 C̊ until processing. Immunohistochemical
localisation of CCL18 (TIL) and CD32 (FccRII; DAKO,
Glostrup, Denmark) was performed using serial sections.
Briefly, cryostat sections were dried, fixed in 100% cold
acetone (10 minutes), and dried again. Thereafter, endogen-
ous peroxidase was blocked using H2O2 in phosphate
buffered saline and incubated with the first antibody (5 mg/
ml, 60 minutes at room temperature). Subsequently, sections
were incubated with normal horse serum and with biotiny-
lated horse antimurine IgG (Vectorlabs, Burlingame, CA,
USA) and ABC complexes (Vectastain, Vectorlabs). Slides
were developed with diaminobenzidine and counterstained
with haematoxylin for 3 minutes. Controls consisted of
irrelevant primary isotype-specific IgG1 and IgG2a (DAKO)
and omission of the secondary antibodies.
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Statistical analysis
Differences between the DC from RA or healthy controls were
calculated with the Mann-Whitney U test and Students t test,
as appropriate. p Values were two sided and the level of
significance was set at p,0.05. The Wilcoxon matched pairs
test was used to calculate the effects of HAGG stimulation on
paired samples. For statistical analysis, Graphpad Prism
version 4 was used.

RESULTS
CK expression by iDC and mDC
We evaluated the expression of a set of 11 CK known to be
abundantly expressed by DC (table 1). Expression levels were
related to GAPDH and presented relative to another house-
keeping gene PBGD, which was set to 1. We first analysed CK
expression by iDC, which were characterised by high
expression of FccRI, II, and III and DC-SIGN, low levels of
MHC-I and II molecules and CD80 and CD86, and absence of
CD83 (data not shown).30 iDC of 16 patients with RA (mean
(SD) DAS28 5.7 (1.2)) produced low levels of the CK ELC
(CCL19) and MIP-1a (CCL3) and high levels of MDC
(CCL22) and TARC (CCL17), which were similar to the
results for iDC from 12 healthy controls (fig 1). However,
expression of CCL18 (35-fold, p,0.0001) and IL8 (CXCL8)
(sixfold, p=0.02) was significantly higher in iDC from
patients with RA than in iDC from their normal counterparts.
The CK SDF-1a (CXCL12), SLC (CCL21), MIP-3a (CCL20),
and lymphotactin (XCL1) were expressed at lower levels than
PBGD (not shown).

As expected, stimulation of iDC with LPS for 48 hours
resulted in fully matured DC (mDC), which express high
levels of costimulatory, major histocompatibility complex
(MHC) molecules and CD83 (data not shown). After full
maturation the mRNA CK expression by DC from patients
with RA and healthy controls increased dramatically except
for CXCL8 and CCL3 (fig 1). The expression of CCL18
(46-fold, p,0.0001), CCL19 (19-fold, p,0.0001) CXCL8 (62-
fold, p,0.01), CCL3 (13-fold, p=0.0002), and CCL17
(sixfold, p,0.0001) was significantly higher in mDC from
patients with RA than in mDC from healthy donors. CCL22
expression also increased upon maturation but the increase
was similar in RA and controls. As with iDC, the expression
of CCL21, CXCL12, CCL20, and XCL1 was low or not
detectable (data not shown).

CK expression and relation to disease activity
To investigate whether the increased expression of CK in
patients with RA was related to the disease activity we
studied the CK expression in another group of 10 patients
with active RA (mean (SD) DAS28 6.1 (1.6)) and compared
that with six patients with RA in remission (DAS28 2.3 (0.2))
and 10 healthy subjects. Figure 2A shows that CCL18
(p=0.0002) and CXCL8 (p=0.003) expression is signifi-
cantly increased by iDC from patients with active RA
compared with iDC from patients with RA in remission
and controls. The same phenomenon was seen when
CK expression profiles of CCL18 (p=0.0002), CCL19
(p=0.0002), CXCL8 (p=0.0002), and CCL3 (p=0.005) for
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mDC were related to disease activity (fig 2B). CCL17 was the
only CK which was expressed significantly more highly in
patients both with active (sixfold, p=0.02) and inactive
(twofold, p=0.03) RA than in their normal counterparts. Of
note, no differences between the number of disease modify-
ing antirheumatic drugs or non-steroidal anti-inflammatory
drugs used between patients with active or inactive disease
could be detected.

CK expression by monocytes
Because we used monocyte derived DC in our study, we
investigated whether the increased expression of several CK
was specific for DC or already present on their precursor cells.
Therefore we purified monocytes and subsequently analysed
their CK expression profile. In line with published reports
CXCL8 (sixfold, p=0.03) and CCL3 (sixfold, p=0.01) were
expressed at significantly higher levels in RA than in controls
(fig 3). The CK CCL18, CCL19, CCL20, and CCL17 were
produced at very low levels, whereas CCL21, CXCL12, and
XCL1 were not detectable.

Diminished CK production in RA after IC stimulation
In a previous study we demonstrated that DC from patients
with RA express FccRII at increased levels, resulting in an
aberrant production of TNFa upon FccR mediated triggering
of these DC.30 In accordance with this finding, in this study,
DC from nine patients with active RA expressed significantly
higher FccRII levels (mean fluorescence intensity (SD) 410
(61)) than five patients with inactive disease (233 (89),
p=0.008) and six healthy donors (151 (36), p=0.002) (data
not shown). No other DC phentotypic differences were seen
between the groups. To determine whether CK production is
affected by triggering of FccR, we stimulated both iDC and
DC during maturation (LPS stimulation) through FccR
dependent pathways by using HAGGs.
The stimulation of FccR significantly decreased the

expression of CCL18 (threefold, p=0.03), CCL22 (eightfold,
p=0.04), CCL17 (fivefold, p,0.01), CCL19 (threefold,
p,0.01), and CXCL8 (twofold, p=0.02) by DC from patients
with RA (fig 4). Although not significant, the same trend was
observed for CCL3 (twofold, p=0.1). In contrast, the
opposite effect was seen for CCL18 (fourfold, p=0.04),
CCL17 (twofold, p,0.01), CCL19 (twofold, p=0.04), CXCL8

(sevenfold, p=0.02), and CCL3 (threefold, p=0.02) in
healthy donors (fig 4). CCL22 was the only CK in which a
decreased expression (fourfold, p=0.01) was seen after FccR
triggering in both groups, suggesting that different mechan-
isms are responsible for the expression of various CK.
Noteworthy is the fact that despite a clear decreased
expression upon stimulation with IC in RA, and the opposite
effect in healthy donors, the absolute level of CK expression
by DC was still higher in RA.

CK mRNA expression in RA synovial tissue
Because DC of patients with active RA express extremely high
levels of CCL18, CCL19, and CCL17 we examined the
expression of these three CK as well as of CXCL8 in RA
synovial tissue (n=5) and compared this with synovial
tissue of five patients with OA and five healthy subjects.
Figure 5 shows that CCL18 (234-fold, p,0.001) and CCL19
(406-fold, p,0.001) are expressed at significantly higher
levels in RA synovium than in the synovial tissue of healthy
subjects. Furthermore, synovial tissue from patients with OA
showed a significantly higher expression of CCL19 (110-fold,
p=0.03) than in healthy synovial tissue but still less than in
patients with active RA. Although the same trend was
observed for CCL17 (threefold, p=0.06), it failed to reach
significance. CXCL8 was highly expressed in RA synovial
tissue (36-fold, p=0.03), which is in concordance with
published reports.

Protein levels of CCL18 in supernatant and synovial
fluid of patients with RA and healthy controls
Because CCL18 was highly expressed by cultured DC and in
the synovium of patients with active RA, the secretion of
CCL18 protein was tested in the supernatant, synovial fluid,
and serum of patients with RA and healthy controls. In the
DC supernatant, the CCL18 protein production paralleled the
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expression of CCL18 mRNA as measured by real time PCR
(fig 6A). CCL18 production was significantly higher in both
iDC (12-fold, p=0.02 and 17-fold, p=0.01) and mDC (25-
fold, p,0.01 and fourfold, p=0.02) from patients with RA
than in iDC and mDC from patients with inactive disease and
healthy subjects, respectively. Triggering of FccR using IC led
to a decreased production of CCL18 protein (median 63%,
p=0.02) in eight of the nine patients with active RA tested,
whereas an increase (median 137%, p=0.04) in CCL18
protein production was observed in six healthy subjects,
which is in line with the real time PCR data (fig 6B).
Furthermore, high CCL18 protein levels were present in the
synovial fluid of seven patients with active RA (median
(range) 1100 pg/ml (800–1340)) in comparison with the
synovial fluid of five patients with gout (300 pg/ml (150–
473)) and five patients with OA (410 pg/ml (254–684)) (data
not shown).

CCL18 in synovial tissue—immunohistochemical
analysis
So far, we have shown that CCL18 is secreted in much higher
quantities by mDC from patients with RA, that the mRNA
expression of this CK is highly expressed in RA synovial
tissue, and that the level in synovial fluid of patients with RA
was higher than that of controls. To analyse whether the
expression of CCL18 in RA synovial tissue was increased in
comparison with synovium of patients with OA and healthy
controls, consecutive sections of synovium from three
patients with RA, three patients with OA, and three healthy
controls were stained for CCL18 and DC-LAMP, a marker for
mature DC. Figure 7 shows that CCL18 was highly expressed
in the perivascular regions and showed an overlapping
pattern with DC-LAMP both in rheumatoid and OA

synovium, which is in line with the high production of
DC-CK1 by fully matured DC. In contrast, healthy subjects
showed the presence of scarcely any CCL-18 and DC-LAMP
positive cells.

DISCUSSION
In this study we investigated the involvement of DC-specific
and non-specific CK in the disease process of RA. We
demonstrated for the first time that both monocyte derived
iDC and mDC from patients with active RA express
significantly higher levels of CCL18 (DC-CK1), CCL19
(ELC), CXCL8 (IL8), CCL3 (MIP-1a), and CCL17 (TARC)
than those of healthy subjects. Intriguingly, this increased
expression was present exclusively during the active phase of
the disease. To confirm these findings at the site of
inflammation we also investigated the level of mRNA
expression of CCL18, CCL19, CXCL8, and CCL17 in synovial
tissue and showed that patients with RA have by far the
highest levels of these CK in comparison with patients with
OA or healthy subjects. We confirmed this result by showing
a high expression of CCL18 at the protein level. Analysis of
supernatants of DC cultures and synovial fluid of patients
with RA and controls confirmed the increased production of
CCL18 at the protein level. These data clearly showed an
increased production of CCL18 by iDC and mDC exclusively
from patients with active RA. The increased production of
CCL18 in RA was further substantiated by the finding that a
significantly higher level of this pivotal CK is present in the
synovial tissue of those patients which show an overlapping
pattern with mature DC.
Dendritic cell-specific CK 1 (DC-CK1, also known as PARC

or CCL18), is a CK preferentially produced by DC and plays a
part in the selective chemoattraction of CD45+ RA T

Figure 7 Expression of CCL18 (DC-CK1) in the synovial tissue of patients with RA and OA and in healthy donors. The top row represents
immunostaining for CCL18 of synovial tissue from a patient with RA, a patient with OA, and a healthy donor, respectively. The bottom row corresponds
with immunostaining for DC-LAMP from the same subjects.
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lymphocytes and CD38 B cells.3 36 CCL19 (Epstein-Barr virus
induced molecule 1 ligand, or MIP-3b) is primarily involved
in the CCR7 mediated triggering of lymphocyte arrest and has
a pivotal role in the recruitment and localisation of
lymphocytes within secondary lymphoid tissues.37 38 Thymus
and activation-regulated cytokine (TARC, CCL17) can attract
CCR4 positive cells, which are mainly Th2 cells, and there-
fore, appears to be important in the development of an
acquired Th2 response.
The attraction of different effector cells to the site of

inflammation might be important in RA pathology and
possibly contribute to the formation of secondary lymphoid
follicles that are often found in patients with RA. Indeed, T
cells, B cells, monocytes, and follicular dendritic cells
accumulate in RA synovium and form lymphocyte aggregates
which reflect certain features of germinal centres.2 16 39 40

Recently, it was demonstrated that a complex interplay
between T cells, DC, and, probably, B cells results in the
formation of secondary lymphoid follicles in rheumatoid
synovium.41 42 Interestingly, analysis of CCR7 deficient mice
disclosed severe morphological alterations in all secondary
lymphoid organs.43 44. Therefore, it is tempting to speculate
that the abundant expression of CCL18 and CCL19 in RA
synovium may partly explain why lymphoid structures arise
in patients with RA. The expression of IL4 and IL13 in the
synovial compartment is especially intriguing as they are
known to strongly induce/up regulate the expression of
CCL18.3 45 The observation that the increased production of
CK is exclusively present during the active phase of disease is
interesting and provides support for recent data suggesting
that specific environmental factors are present during the
active phase.11 46 47 Unfortunately, these studies did not
examine differences between active or inactive disease states.
Another interesting observation in the present study was

the decreased expression of CK observed after 48 hours of
FccR engagement of DC from patients with active RA. In
contrast, FccR dependent stimulation of DC from healthy
subjects had the opposite effect—namely, a clearly increased
expression of CK. The latter is consistent with the observation
that stimulation of monocytes with IC from healthy donors
induced an increased expression of MIP-1a, MIP-1b, and IL8
mRNA levels.48 We suggest that the opposite effects between
DC from patients with active RA and healthy donors upon
engagement of FccR is the result of an altered FccR balance
in the patients with active disease. This is in agreement with
our previous report, in which we demonstrated a clearly
increased expression of the inhibitory FccRII, exclusively
during the active phase of disease.30 However, despite the
clear decrease in expression of CK in RA upon FccR triggering
and the opposite effect in healthy donors, the level of CK
expression was still much higher in RA.
Our results are in line with recent findings, which suggest

a dominant role for both the activating and inhibitory FccR
and their concerted actions in determining the balance
between Th1/Th2 responses and the discrimination between
immunity and tolerance.29 49–51 Systemic injection of DC
genetically modified to express IL4 or IL13, cytokines known
to regulate the FccR balance towards the inhibitory subtype,
completely abrogated the detrimental effects of arthritis even
after the development of a full blown collagen induced
arthritis.52 53

In conclusion, our study strongly supports the proposed
mechanisms by which DC and their expression of CK are
involved in the pathogenesis of RA. Our data further
strengthen the potentially important role of these CK in the
inflammatory process, and indicate that the potential
blockade of these CK is a highly interesting new therapeutic
approach. Detailed knowledge about the role and mode of
action of CK in RA might herald new opportunities for the

manipulation of (auto) inflammatory responses in auto-
immune diseases such as RA.

Authors’ affiliations
. . . . . . . . . . . . . . . . . . . . .

T R D J Radstake, M ten Brummelhuis, W B van den Berg, P Barrera,
Department of Rheumatology, University Medical Centre, Nijmegen, The
Netherlands
R van der Voort, M Looman, C G Figdor, G J Adema, Tumour
Immunology, University Medical Centre, Nijmegen, The Netherlands
M de Waal Malefijt, Orthopaedic Surgery, University Medical Centre,
Nijmegen, The Netherlands

REFERENCES
1 Gerard C, Rollins BJ. Chemokines and disease. Nat Immunol 2001;2:108–15.
2 Shi K, Hayashida K, Kaneko M, Hashimoto J, Tomita T, Lipsky PE, et al.

Lymphoid chemokine B cell-attracting chemokine-1 (CXCL13) is expressed in
germinal center of ectopic lymphoid follicles within the synovium of chronic
arthritis patients. J Immunol 2001;166:650–5.

3 Adema GJ, Hartgers F, Verstraten R, de Vries E, Marland G, Menon S, et al. A
dendritic-cell-derived C-C chemokine that preferentially attracts naive T cells.
Nature 1997;387:713–17.

4 Vissers JL, Hartgers F, Lindhout E, Teunissen BM, Figdor C, Adema GJ.
Quantitative analysis of chemokine expression by dendritic cell subsets in vitro
and in vivo. J Leukoc Biol 2001;69:785–93.

5 Banchereau J, Steinman RM. Dendritic cells and the control of immunity.
Nature 1998;392:245–52.

6 Banchereau J, Briere F, Caux C, Davoust J, Lebecque S, Liu YJ, et al.
Immunobiology of dendritic cells. Annu Rev Immunol 2000;18:767–811.

7 Bell D, Young JW, Banchereau J. Dendritic cells. Adv Immunol
1999;72:255–324.

8 Dieu MC, Vanbervliet B, Vicari A, Bridon JM, Oldham E, Ait-Yahia S, et al.
Selective recruitment of immature and mature dendritic cells by distinct
chemokines expressed in different anatomic sites. J Exp Med
1998;188:373–86.

9 Pettit AR, Thomas R. Dendritic cells: the driving force behind autoimmunity in
rheumatoid arthritis? Immunol Cell Biol 1999;77:420–7.

10 Pettit AR, MacDonald KP, O’Sullivan B, Thomas R. Differentiated dendritic
cells expressing nuclear RelB are predominantly located in rheumatoid
synovial tissue perivascular mononuclear cell aggregates. Arthritis Rheum
2000;43:791–800.

11 Santiago-Schwarz F, Anand P, Liu S, Carsons SE. Dendritic cells (DCs) in
rheumatoid arthritis (RA): progenitor cells and soluble factors contained in RA
synovial fluid yield a subset of myeloid DCs that preferentially activate TH1
inflammatory-type responses. J Immunol 2001;167:1758–68.

12 Thomas R. Antigen-presenting cells in rheumatoid arthritis. Springer Semin
Immunopathol 1998;20:53–72.

13 Thomas R, MacDonald KP, Pettit AR, Cavanagh LL, Padmanabha J,
Zehntner S. Dendritic cells and the pathogenesis of rheumatoid arthritis.
J Leukoc Biol 1999;66:286–92.

14 Bresnihan B, Tak PP. Synovial tissue analysis in rheumatoid arthritis. Baillieres
Best Pract Res Clin Rheumatol 1999;13:645–9.

15 Youssef PP, Smeets TJ, Bresnihan B, Cunnane G, FitzGerald O, Breedveld F,
et al. Microscopic measurement of cellular infiltration in the rheumatoid
arthritis synovial membrane: a comparison of semiquantitative and
quantitative analysis. Br J Rheumatol 1998;37:1003–7.

16 Page G, Lebecque S, Miossec P. Anatomic localization of immature and
mature dendritic cells in an ectopic lymphoid organ: correlation with selective
chemokine expression in rheumatoid synovium. J Immunol
2002;168:5333–41.

17 Ruth JH, Rottman JB, Katschke KJ Jr, Qin S, Wu L, LaRosa G, et al. Selective
lymphocyte chemokine receptor expression in the rheumatoid joint. Arthritis
Rheum 2001;44:2750–60.

18 Ruth JH, Volin MV, Haines GK, III, Woodruff DC, Katschke KJ Jr, Woods JM,
et al. Fractalkine, a novel chemokine in rheumatoid arthritis and in rat
adjuvant-induced arthritis. Arthritis Rheum 2001;44:1568–81.

19 Katschke KJ Jr, Rottman JB, Ruth JH, Qin S, Wu L, LaRosa G, et al. Differential
expression of chemokine receptors on peripheral blood, synovial fluid, and
synovial tissue monocytes/macrophages in rheumatoid arthritis. Arthritis
Rheum 2001;44:1022–32.

20 Endo H, Akahoshi T, Takagishi K, Kashiwazaki S, Matsushima K. Elevation of
interleukin-8 (IL-8) levels in joint fluids of patients with rheumatoid arthritis and
the induction by IL-8 of leukocyte infiltration and synovitis in rabbit joints.
Lymphokine Cytokine Res 1991;10:245–52.

21 Koch AE, Kunkel SL, Burrows JC, Evanoff HL, Haines GK, Pope RM, et al.
Synovial tissue macrophage as a source of the chemotactic cytokine IL-8.
J Immunol 1991;147:2187–95.

22 Koch AE, Polverini PJ, Kunkel SL, Harlow LA, DiPietro LA, Elner VM, et al.
Interleukin-8 as a macrophage-derived mediator of angiogenesis. Science
1992;258:1798–801.

23 Rathanaswami P, Hachicha M, Sadick M, Schall TJ, McColl SR. Expression of
the cytokine RANTES in human rheumatoid synovial fibroblasts. Differential
regulation of RANTES and interleukin-8 genes by inflammatory cytokines.
J Biol Chem 1993;268:5834–9.

24 Akahoshi T, Wada C, Endo H, Hirota K, Hosaka S, Takagishi K, et al.
Expression of monocyte chemotactic and activating factor in rheumatoid

366 Radstake, van der Voort, ten Brummelhuis, et al

www.annrheumdis.com

http://ard.bmj.com


arthritis. Regulation of its production in synovial cells by interleukin-1 and
tumor necrosis factor. Arthritis Rheum 1993;36:762–71.

25 Koch AE, Kunkel SL, Harlow LA, Mazarakis DD, Haines GK, Burdick MD,
et al. Macrophage inflammatory protein-1 alpha. A novel chemotactic
cytokine for macrophages in rheumatoid arthritis. J Clin Invest
1994;93:921–8.

26 Dijstelbloem HM, van De Winkel JG, Kallenberg CG. Inflammation in
autoimmunity: receptors for IgG revisited. Trends Immunol 2001;22:510–16.

27 Salmon JE, Pricop L. Human receptors for immunoglobulin G: key elements in
the pathogenesis of rheumatic disease. Arthritis Rheum 2001;44:739–50.

28 van Lent PL, Nabbe K, Blom AB, Holthuysen AE, Sloetjes A, van de Putte LB,
et al. Role of activatory Fc gamma RI and Fc gamma RIII and inhibitory Fc
gamma RII in inflammation and cartilage destruction during experimental
antigen-induced arthritis. Am J Pathol 2001;159:2309–20.

29 Anderson CF, Mosser DM. Cutting edge: biasing immune responses by
directing antigen to macrophage fcgamma receptors. J Immunol
2002;168:3697–701.

30 Radstake TR, Blom AB, Sloetjes AW, van Gorselen EO, Pesman GJ, Engelen L,
et al. Increased FcgammaRII expression and aberrant tumour necrosis factor
alpha production by mature dendritic cells from patients with active
rheumatoid arthritis. Ann Rheum Dis 2004;63:1556–63.

31 Radstake TR, van Lent PL, Pesman GJ, Blom AB, Sweep FG, Rönnelid J,
Adema GJ, Barrera P, van den Berg WB. High production of pro-
inflammatory and Th1 cytokines by dendritic cells from patients with
rheumatoid arthritis and down regulation upon FccR triggering. Ann Rheum
Dis 2004;63:696–702.

32 Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Cooper NS, et al.
The American Rheumatism Association 1987 revised criteria for the
classification of rheumatoid arthritis. Arthritis Rheum 1988;31:315–24.

33 Prevoo ML, ’t Hof MA, Kuper HH, van Leeuwen MA, van de Putte LB, van
Riel PL. Modified disease activity scores that include twenty-eight-joint counts.
Development and validation in a prospective longitudinal study of patients
with rheumatoid arthritis. Arthritis Rheum 1995;38:44–8.

34 Gibson UE, Heid CA, Williams PM. A novel method for real time quantitative
RT-PCR. Genome Res 1996;6:995–1001.

35 Heid CA, Stevens J, Livak KJ, Williams PM. Real time quantitative PCR.
Genome Res 1996;6:986–994.

36 Lindhout E, Vissers JL, Hartgers FC, Huijbens RJ, Scharenborg NM, Figdor CG,
et al. The dendritic cell-specific CC-chemokine DC-CK1 is expressed by
germinal center dendritic cells and attracts CD38-negative mantle zone B
lymphocytes. J Immunol 2001;166:3284–9.

37 Moser B, Loetscher P. Lymphocyte traffic control by chemokines. Nat Immunol
2001;2:123–8.

38 Baekkevold ES, Yamanaka T, Palframan RT, Carlsen HS, Reinholt FP, von
Andrian UH, et al. The CCR7 ligand elc (CCL19) is transcytosed in high
endothelial venules and mediates T cell recruitment. J Exp Med
2001;193:1105–12.

39 Maldonado A, Mueller YM, Thomas P, Bojczuk P, O’Connors C, Katsikis PD.
Decreased effector memory CD45RA+CD62L2CD8+T cells increased central
memory CD452CD62L+CD8+T cells in peripheral blood of rheumatoid
arthritis patients. Arthritis Res Ther 2003;5:R91–6.

40 Mamoune A, Durand V, Le Goff P, Pennec YL, Youinou P, Le Corre R.
Abnormal distribution of CD45 isoforms expressed by CD4+and CD8+T cells
in rheumatoid arthritis. Histol Histopathol 2000;15:587–91.

41 Fillatreau S, Gray D. T cell accumulation in B cell follicles is regulated by
dendritic cells and is independent of B cell activation. J Exp Med
2003;197:195–206.

42 Kang YM, Zhang X, Wagner UG, Yang H, Beckenbaugh RD, Kurtin PJ, et al.
CD8 T cells are required for the formation of ectopic germinal centers in
rheumatoid synovitis. J Exp Med 2002;195:1325–36.

43 Forster R, Schubel A, Breitfeld D, Kremmer E, Renner-Muller I, Wolf E,
et al. CCR7 coordinates the primary immune response by establishing
functional microenvironments in secondary lymphoid organs. Cell
1999;99:23–33.

44 Ohl L, Henning G, Krautwald S, Lipp M, Hardtke S, Bernhardt G, et al.
Cooperating mechanisms of CXCR5 and CCR7 in development and
organization of secondary lymphoid organs. J Exp Med
2003;197:1199–204.

45 Vulcano M, Struyf S, Scapini P, Cassatella M, Bernasconi S, Bonecchi R, et al.
Unique regulation of CCL18 production by maturing dendritic cells. J Immunol
2003;170:3843–9.

46 Pricop L, Redecha P, Teillaud JL, Frey J, Fridman WH, Sautes-Fridman C,
et al. Differential modulation of stimulatory and inhibitory Fc gamma
receptors on human monocytes by Th1 and Th2 cytokines. J Immunol
2001;166:531–7.

47 Tokayer A, Carsons SE, Chokshi B, Santiago-Schwarz F. High levels of
interleukin 13 in rheumatoid arthritis sera are modulated by tumor necrosis
factor antagonist therapy: association with dendritic cell growth activity.
J Rheumatol 2002;29:454–61.

48 Fernandez N, Renedo M, Garcia-Rodriguez C, Sanchez CM. Activation of
monocytic cells through Fc gamma receptors induces the expression of
macrophage-inflammatory protein (MIP)-1 alpha, MIP-1 beta, and RANTES.
J Immunol 2002;169:3321–8.

49 Clynes R, Maizes JS, Guinamard R, Ono M, Takai T, Ravetch JV. Modulation
of immune complex-induced inflammation in vivo by the coordinate
expression of activation and inhibitory Fc receptors. J Exp Med
1999;189:179–85.

50 Kalergis AM, Ravetch JV. Inducing tumor immunity through the selective
engagement of activating Fcgamma receptors on dendritic cells. J Exp Med
2002;195:1653–9.

51 Regnault A, Lankar D, Lacabanne V, Rodriguez A, Thery C, Rescigno M, et al.
Fcgamma receptor-mediated induction of dendritic cell maturation and major
histocompatibility complex class I-restricted antigen presentation after immune
complex internalization. J Exp Med 1999;189:371–80.

52 Kim SH, Kim S, Evans CH, Ghivizzani SC, Oligino T, Robbins PD. Effective
treatment of established murine collagen-induced arthritis by systemic
administration of dendritic cells genetically modified to express IL-4. J Immunol
2001;166:3499–505.

53 Morita Y, Yang J, Gupta R, Shimizu K, Shelden EA, Endres J, et al. Dendritic
cells genetically engineered to express IL-4 inhibit murine collagen-induced
arthritis. J Clin Invest 2001;107:1275–84.

Increased expression of CCL18, CCL19, and CCL17 in RA 367

www.annrheumdis.com

http://ard.bmj.com

