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A b s t r a c t

Chemokines and chemokine receptors have been 
implicated in inflammatory cell recruitment and 
angiogenesis underlying the pathogenesis of rheumatoid 
arthritis (RA) and other inflammatory rheumatic diseases. 
Numerous CXC, CC, C and CX3C chemokines and their 
receptors have been detected in the arthritic synovium 
and numerous strategies, including biologics, peptide 
and other small molecule inhibitors of chemokines 
and their receptors have given promising results in 
preclinical studies performed in animal models of 
arthritis. However, most recent human RA trials using 
antibodies and synthetic compounds have failed. Reasons 
for negative results of these RA trials include overlapping 
actions of multiple chemokines, dose-dependency, 
both antagonistic and agonistic effects of chemokines, 
chemokine degradation by proteases, as well as effects 
of anti-inflammatory, regulatory cells. Recent studies 
have suggested that CCR1 may still be a good target and 
previous trials may have failed because of the need of 
sustained CCR1 occupancy throughout the treatment. 
Therefore, modulation of receptor occupancy may be 
a feasible option to increase the efficacy of chemokine 
receptor targeting. 
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I n t r o d uc  t i o n

In rheumatoid arthritis (RA) and other types of arthritis, 
leukocyte extravasation into the synovium occurs through 
the vascular endothelium. Numerous synovial chemotactic 
mediators termed chemokines and their receptors are 
involved in this process reviewed in references 1-6. Currently, 
there are more than 50 known chemokines and 19 
chemokine receptors.4-6 Some of these chemokines and 
chemokine receptors are also involved in angiogenesis 
underlying synovitis.7-9 The release of chemokines antedates 
the onset of clinical arthritis.10,11

In this review, we will briefly summarise the most 
important chemokines and chemokine receptors in the 
pathogenesis of arthritis. Then we will give a critical 
update on recent anti-chemokine and anti-chemokine 
receptor approaches. As most of the initial studies have not 
been successful, we will try to give an explanation for this 
and make suggestions for future trials.

C h e m o k i n e s  i n  a r t h r i t i s

Chemokines have been classified into the CXC, CC, C and 
CX

3
C supergene families (table 1). Their corresponding 

receptors have been termed CXCR, CCR, CR and 
CX

3
CR.2,4,6,12 Recently, the traditional name of chemokines 

was replaced by a unique designation of CXCL, CCL, XCL 
and CX

3
CL, considering all chemokines as ligands of 

their respective receptors.4,6,12 Apart from this structural 
classification, these mediators have been functionally 
classified as homeostatic and inflammatory chemokines.1,4 
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Nevertheless, these classifications are not fully justified 
as some primarily homeostatic chemokines involved 
in lymphoid development have also been implicated in 
inflammatory states, such as arthritis.1,4

CXC chemokines in arthritis
In CXC chemokines, two conserved C residues are 
separated by one unconserved amino acid. These 
mediators chemoattract neutrophils, lymphocytes and 
monocytes into the synovium. The underlying molecular 
mechanisms include leukocyte integrin expression and 
L-selectin shedding, cytoskeletal reorganisation, neutrophil 
degranulation and phagocytosis, as well as the production 
of proteases and other inflammatory mediators.1,4-6,9

The most relevant CXC chemokines involved in the 
pathogenesis of arthritis are CXCL1 (groa), CXCL4 (PF4), 
CXCL5 (ENA-78), CXCL6 (GCP-2), CXCL7 (CTAP-III), 
CXCL8 (IL-8), CXCL9 (Mig), CXCL10 (IP-10), CXCL12 
(SDF-1), CXCL13 (BCA-1) and CXCL16. All these 
chemokines are abundantly expressed in the sera, 
synovial fluids and tissues of arthritis patients.3-5,13-33 
Synovial macrophages are the major source of most 

CXC chemokines and they are sensitive to change after 
effective treatment.3,16,19,22,34-36 The pro-angiogenic or 
angiostatic function of CXC chemokines has been linked 
to the presence or absence of the ELR amino acid motif 
in their protein sequence, respectively.7-9,20,37 Indeed, the 
ELR-containing CXCL1, CXCL5, CXCL7, CXCL8 and 
CXCL16 promote,7-9,16,17,20,29,38-40 while the ELR-lacking 
CXCL4, CXCL9 and CXCL10 inhibit synovial neovascu-
larisation.8,9,41 In addition, all these CXC chemokines exert 
mostly inflammatory rather than homeostatic function 
(table 1).

CXCL12, CXCL13 and CXCL16 are more peculiar CXC 
chemokines in many ways. First, while the other CXC 
chemokines described above have common receptors, 
CXCL12, CXCL13 and CXCL16 are specific ligands for 
CXCR4, CXCR5 and CXCR6, respectively.4,13,14,24,26,27,29-31,42-45 
Second, these three chemokines are primarily homeostatic 
chemokines involved in lymphoid organisation, but they 
have also been implicated in synovial inflammation, as 
well as synovial lymphoid neogenesis.1,14,29,31,42,44 Regarding 
angiogenesis, CXCL12 promotes neovascularisation 
despite lacking the ELR motif.8,39,46 CXCL12 induces 
CXCR4-dependent integrin-mediated lymphocyte and 
monocyte adhesion and migration, as well as osteoclas-
togenesis, bone resorption and thus radiographic 
progression in RA.24,26,27,44,47-49 CXCL13 is also expressed 
by synovial fibroblasts, T cells and endothelial cells 
and follicular dendritic cells within the RA synovium. 
30,45 CXCL16 is secreted by synovial macrophages and 
fibroblasts and is involved in mononuclear cell recruitment 
into the RA synovium.3,13,14,29

CC chemokines
CCL2 (MCP-1), CCL3 (MIP-1a), CCL5 (RANTES), CCL7 
(MCP-3), CCL8 (MCP-2), CCL13 (MCP-4), CCL14 (HCC-1), 
CCL15 (HCC-2), CCL16 (HCC-3), CCL17 (TARC), CCL18 
(PARC), CCL19 (ELC), CCL20 (MIP-3a) and CCL21 
(SLC) have all been detected in arthritic sera and synovia 
(table 1).25,30,50-68 These CC chemokines are chemotactic for 
monocytes and lymphocytes. Among these chemokines, 
CCL20 preferentially recruits Th17 cells,64 induces both 
osteoblast proliferation and osteoclast differentiation 
and collaborates with the RANK ligand system in the 
uncoupling between new bone formation and bone 
resorption in RA.69,70 CCL13 has been associated with 
the cartilage of the RA joint and is released by articular 
chondrocytes.71,72

Regarding chemokine function, CCL2, CCL3, CCL5 and 
CCL13 exert mainly inflammatory functions. Among 
primarily homeostatic CC chemokines, CCL17, CCL18, 
CCL19 and CCL21 have been implicated in synovial 
lymphoid neogenesis in arthritis, as well as physiological 
lymphoid organisation.30,50,65-67,73 

Table 1. Chemokines and chemokine receptors relevant 
for RA*

Chemokine 
receptor

Chemokine ligand 

CXC chemokine receptors

CXCR1 (A) IL-8/CXCL8 (A,H), GCP-2/CXCL6

CXCR2 (A) IL-8/CXCL8 (A,H), ENA-78/CXCL5 (A), groa/
CXCL1 (A), CTAP-III/CXCL7, GCP-2/CXCL6

CXCR3 (A) IP-10/CXCL10, PF4/CXCL4, Mig/CXCL9

CXCR4 (A) SDF-1/CXCL12

CXCR5 BCA-1/CXCL13

CXCR6 CXCL16 (A)

CXCR7 I-TAC/CXCL11, SDF-1/CXCL12

C-C chemokine receptors

CCR1 (A,H) MIP-1a/CCL3 (A), RANTES/CCL5 (A), MCP-3/
CCL7, HCC-1/CCL14, HCC-2/CCL15, HCC-4/
CCL16

CCR2 (A) MCP-1/CCL2 (A,H), MCP-3/CCL7, HCC-4/
CCL16

CCR3 RANTES/CCL5, MCP-2/CCL8, MCP-3/CCL7, 
HCC-2/CCL15

CCR4 TARC/CCL17, CKLF1

CCR5 (A,H) MIP-1a/CCL3 (A), RANTES/CCL5 (A), MCP-2/
CCL8, HCC-1/CCL14

CCR6 MIP-3a/CCL20

CCR7 SLC/CCL21

C chemokine receptors

XCR1 Lymphotactin/XCL1

C-X3-C chemokine receptors

CX3CR1 Fractalkine/CX3
CL1 (A)

*Already targeted in animal models (A) or human (H) trials. See text 
for abbreviations
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C and CX3C chemokines in RA
The C chemokine family contains two members, XCL1 
(lymphotactin) and XCL2 (SCM-1b). Among them, XCL1 
is involved in T cell accumulation in the RA joint.74,75 The 
single member of the CX

3
C family is CX

3
CL1 (fractalkine). 

This chemokine is chemotactic for mononuclear cells, 
mediates T cell adhesion and cytokine production, and 
regulates the cytoskeletal structure, proliferation and 
migration of synovial fibroblasts.75-79 CX

3
CL1 is also an 

angiogenic mediator80 and has been associated with 
rheumatoid vasculitis81 and accelerated atherosclerosis 
leading to increased cardiovascular morbidity in RA.80,82 

C h e m o k i n e  r e c e p t o r s  i n 
a r t h r i t i s

Chemokine receptors are 7-transmembrane domain 
receptors expressed on the target cells. Some chemokine 
receptors, such as CXCR2, CCR1, CCR2, CCR3 or CCR5, 
have multiple ligands, while others including CXCR4, 
CXCR5, CXCR6, CCR8 or CCR9 are specific receptors for 
one single ligand (table 1).1,4,5

In general, all CXCRs have been implicated in the 
pathogenesis of arthritis. CXCR1 and CXCR2 recognise 
the most relevant inflammatory and angiogenic CXC 
chemokines described above.4,5,83 CXCR3 may be the most 
important receptor in leukocyte homing into Th1 type 
inflammatory sites, such as the RA synovium.84,85 As 
described above, CXCR4 is involved in CXCL12-dependent 
ingress of lymphocytes into the RA synovium.27 CXCR4, 
CXCR5 and CXCR6 bind their respective homeostatic 
chemokine ligands, CXCL12, CXCL13 and CXCL16. Thus, 
as mentioned above, these CXCRs are involved in both 
physiological lymphoid organisation and synovial lymphoid 
neogenesis.5,14,27,29,30,86 
Among CCRs, CCR1, CCR2, CCR3, CCR4, CCR5, 
CCR6 and CCR7 are abundantly expressed in the RA 
synovium and on synovial cells.2,4,5,68,83,85,87-90 CCR2 and 
CCR3 are also present on articular chondrocytes.91 CCR5 
may be the most prominent CCR characterising Th1 
inflammatory infiltrates.85,87 In some studies, a single 
nucleotide polymorphism leading to the production of the 
truncated ∆32-CCR5 non-functional receptor allele was 
found to be protective against RA including extra-articular 
symptoms and joint erosions,92-95 but results have been 
variable.96,97 The protective role of this polymorphism 
was also suggested in juvenile98 and psoriatic arthritis.99 
CCR6 is involved in the ingress of Th17 lymphocytes into 
the rheumatoid joint.64,100 CCR7 has been associated with 
synovial lymphoid neogenesis in murine arthritis.86 In a 
comparative study on CCRs, peripheral blood monocytes 
mainly expressed CCR1 and CCR2, suggesting that these 
receptors were involved in monocyte recruitment from the 

circulation. In contrast, CCR3 and CCR5 expression was 
upregulated in RA synovial fluids indicating that these 
CCRs were important in monocyte retention in the joint.88

Regarding the C and CX
3
C chemokine receptors, XCR1 

is expressed on RA synovial lymphocytes, macrophages 
and fibroblasts, while CX

3
CR1 has been detected on 

macrophages and dendritic cells.4,76,101 CX
3
CR1 has been 

implicated in the recruitment of Th1 type lymphocytes 
into the joint.101

T a r g e t i n g  o f  ch  e m o k i n e s  a n d 
ch  e m o k i n e  r e c e p t o r s

Chemokines and chemokine receptors may be targeted 
by indirect, non-specific as well as by direct, chemokine-
specific approaches. These strategies have been tested in 
animal models of arthritis, in vitro cultures of human RA 
synovial cells and tissues, as well as in a limited number of 
human RA clinical trials (table 1). [reviewed in references 
4,5,102-104]

Inhibition of chemokine and chemokine receptor 
expression by immunosuppressive therapy
Some non-steroidal anti-inflammatory drugs (NSAID), 
corticosteroids, traditional disease-modifying 
antirheumatic drugs (DMARD) and biologics exert 
multiple anti-inflammatory actions including chemokine 
and chemokine receptor inhibition. In early studies, 
NSAIDs and corticosteroids attenuated CXCL8 and CCL2 
production in vitro, as well as in arthritis models.105-106 
A recently developed dual cyclooxygenase-lipoxygenase 
inhibitor, ML3000, downregulated CXCL9, CXCL10 
and CXCL11 expression in RA synovial fibroblasts.107 
Among traditional DMARDs, sulfasalazine, sulfapyridine, 
methotrexate (MTX) and leflunomide inhibited the 
production of various CXC and CC chemokines in synovial 
cell and explant cultures in vitro, as well as in animal 
models of arthritis and RA in vivo.105,108-114 There have 
been an increasing number of studies with biologics, 
primarily anti-TNF agents. Infliximab and etanercept 
may suppress the release of CXCL1, CXCL8, CXCL10, 
CXCL16, CCL2, CCL5, CCL20, CX

3
CL1 and possibly other 

chemokines in RA.13,115-125 The IL-6 receptor inhibitor 
tocilizumab also suppressed CCL20 production in RA,121 
As IL-6 signalling plays a crucial role in the stimulation 
of chemokine production in RA,126 tocilizumab may 
inhibit the release of other chemokines as well. B cell 
inhibition by rituximab alters the CXCL8 network127 
and decreases CCL5 production.128 Efficacy of rituximab 
has been associated with surface CCR5 density.128 With 
respect to chemokine receptors, TNF-a blockade also 
reduced CCR3, CCR5, CCR6 and CX

3
CR1 expression on 

T cells122,129,130 and resulted in the clearance of CXCR3+ T 
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cells from the synovium.131 The efficacy of rituximab was 
correlated with increased CCR5 density on peripheral 
blood T cells in RA.128 Chemokine inhibition by biologics 
may have relevance for safety of anti-TNF therapy as 
infliximab reduced the secretion of CXCL8, CCL2 and 
CCL3 in response to Mycobacteria.132 Some other synthetic 
compounds, as well as natural products, may also influence 
chemokine secretion. For example, antioxidants, such as 
N-acetyl-L-cysteine and 2-oxothiazolidine-4-carboxylate, 
the bioflavonoid quercetin, as well as the lipid-lowering 
simvastatin, inhibited the expression of CXCL8 and CCL2 
by activated, cultured human synovial fibroblasts.133-135 
Epigallocatechin-3-gallate (EGCG), a compound derived 
from green tea, as well as green tea extracts suppressed 
the production of multiple chemokines including 
CXCL1, CXCL5, CCL2 and CCL5 by cultured RA synovial 
fibroblasts, bone cells and in a rat model of arthritis.136-138 
Activation of peroxisome proliferator-activated receptor g 
(PPARg) suppresses CCL2 expression in monocytes,139 thus 
PPARg agonists, such as glitazones, may inhibit chemokine 
production. Some traditional Oriental medicines, such 
as triptolide, lingzhi, curcumin, tongbiling, honokiol, 
cool-cool and others exert antiarthritic effects, which 
may, in part, be explained by chemokine and chemokine 
receptor inhibition.103,140-146

Specific chemokine targeting 
In various animal models of arthritis, neutralising 
antibodies to CXCL1, CXCL5, CXCL8, CXCL16, CCL2, 
CCL3, CCL5, CCL24 and CX

3
CL1 blocked arthritis both 

therapeutically and preventatively.14,22,147-152 A novel inhibitor 
of endogenous CCL2, p8A-MCP-1, also improved rat 
adjuvant-induced arthritis (AIA).54 Peptide inhibitors of 
CXCL4, CCL2 and CCL5 also attenuated murine and rat 
arthritis.153-155

The efficacy of chemokine targeting may be increased 
by combining various specific strategies. For example, in 
murine AIA, a combination of CXCL1 and CCL2 resulted 
in more pronounced effects than did CCL2 blockade 
alone.156 In a rabbit arthritis model, the combination of 
anti-CXCL1 and anti-CXCL8 antibodies inhibited arthritis 
better than did any of the two antibodies alone.157 The 
downside of more effective chemokine blockade could be 
an increased risk of side effects such as infections. 
There has only been a very limited number of published 
human anti-chemokine trials. In the only available, 
published trial on inhibition of a chemokine ligand in 
RA, an anti-CCL2 antibody, ABN912, was evaluated in a 
randomised, placebo-controlled clinical trial. In this study, 
33 patients received the active compound, while 12 received 
placebo. Serial arthroscopic biopsies were performed. 
ABN912 treatment was well tolerated, but there was 
no detectable clinical benefit or significant changes in 
synovial biomarkers.158

In summary, after promising preclinical studies in 
arthritis models using antibodies and peptide inhibitors 
to chemokines, only one human RA trial yielding negative 
results has been published. This trial was completed in 
2006 and not followed by others, suggesting that targeting 
of a single chemokine may not be effective in arthritis. 
Preclinical studies using combined chemokine blockade 
already suggested that simultaneous targeting of multiple 
chemokines may be the future strategy. As chemokine 
receptors may recognise multiple inflammatory chemokine 
ligands, more trials have been conducted using CCR 
antagonists. 

Chemokine receptor blockade: how to proceed after 
disappointing clinical trials?
Some CXCR antagonists have been used in animal models, 
but they were not tested in human RA. For example, an 
anti-CXCR3 antibody inhibited AIA.159 Synthetic oral 
antagonists of CXCR1, CXCR2 and CXCR4 inhibited 
arthritis in various rodent models.160-167 To our knowledge, 
no clinical trial results obtained with any CXCR 
antagonists in arthritis have been published.
CCR1, CCR2 and CCR5 bind multiple CC chemokine 
ligands including CCL3, CCL5, CCL7, CCL8, CCL14, CCL15 
and CCL16 that have been implicated in the pathogenesis 
of RA.1,4,5,68,102 Therefore, numerous synthetic or biological 
CCR1, CCR2 and CCR5 antagonists have been developed 
in recent years.102,168-176 Dual targeting of CCR2 and CCR5 
is underway.177

CCR1 is a receptor for CCL3, CCL5, CCL7, CCL14, CCL15 
and CCL16 (table 1). Among CCR1 antagonists, in early 
preclinical studies, J-113863 diminished synovitis and 
joint destruction in murine collagen-induced arthritis 
(CIA).178 Met-RANTES, a dual CCR1/CCR5 antagonist, 
inhibited both murine CIA and rat AIA.57,179 This was 
followed by the development and introduction of two oral 
CCR1 antagonists, CP-481,715 and MLN3897, to human 
RA trials.102,173 CP-481,715 was evaluated in a phase I 
clinical trial to assess pharmacokinetics and safety. It 
was administered to 78 healthy individuals in escalating 
doses up to 3000 mg. This drug was well-tolerated.176 
CP-481,715 has also been evaluated in a two-week phase 
Ib, proof-of-concept study in RA patients using a dose 
of 300 mg per eight hours. Altogether 16 RA patients 
were randomised 3:1 with active:placebo treatment for 14 
days, and it decreased the number of total and intimal 
macrophages, as well as CCR1+ cells in the synovium. 
About one-third of the patients also fulfilled the ACR20 
criteria for clinical improvement.180 In a subsequent phase 
IIa study, RA patients with active disease despite MTX 
treatment received either 10 mg of MLN3897 or placebo 
orally once daily with concomitant MTX therapy. Although 
MLN3897 was well-tolerated, no difference in ACR20 was 
found between the active and placebo group. Interestingly, 
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MLN3897 was associated with a relatively high degree 
(≥ 90%) of CCR1 occupancy throughout the trial as 
determined by CCL3 internalisation assay.169 
CCR2 recognises CCL2, CCL7 and CCL16 (table 1). Some 
CCR2 inhibitors have also entered animal studies and then 
clinical trials.181 While low doses of the MC-21 anti-CCR2 
monoclonal antibody markedly improved murine CIA, 
high doses of this antibody rather had pro-inflammatory 
effects.182 MK0812, another small molecule CCR2 
inhibitor, had no effect on the severity of CIA.167 In a phase 
IIa clinical trial with a CCR2 blocking antibody MLN1202, 
32 patients with active RA received three infusions of either 
placebo or anti-CCR2 antibody at 0.5 mg/kg or 1.5 mg/kg 
over a period of six weeks. The antibody reduced the levels 
of free CCR2 on CD14+ monocytes; however, no clinical 
benefit could be demonstrated.168

CCR5 binds CCL3, CCL5, CCL8 and CCL14 (table 1). 
As discussed above, in earlier studies, Met-RANTES 
and other small molecule antagonists, such as SCH-X 
of CCR5, showed some efficacy in preclinical arthritis 
studies.57,179,183 Recently, a small molecule CCR5 antagonist, 
AZD5672, was tried in preclinical, phase I and IIb studies. 
Ligand-binding and chemotaxis studies supported the 
biological activity of this compound. In the phase IIb trial, 
371 patients with active RA received 20 mg, 50 mg, 100 mg 
or 150 mg oral AZD5672 once daily, placebo or open-label 
etanercept 50 mg subcutaneously once weekly. There 
was no significant difference in the number of patients 
receiving the active compound or placebo. Furthermore, 
etanercept was more effective than AZD5672 or placebo.174 
A phase Ib trial was conducted with SCH351125, a small 
molecule oral CCR5 inhibitor. Among 32 patients with 
active RA, 20 received the active compound and 12 received 
placebo. No synovial, MRI or clinical efficacy could be 
proven.175 Another CCR5 inhibitor, maraviroc, has been 
tried in phase II-III trials in HIV infection and AIDS, as 
well as to a phase II trial in RA.184

Thus, CCR2 and CCR5 blockade yielded disappointing 
results in RA, and results for CCR1 blockade have been 
variable. Do we now have to bury the idea of blocking 
chemokines and their receptors in arthritis and other 
immune-mediated inflammatory disorders? Maybe 
we should think again. There have been several issues 
that may interfere with the efficacy of chemokine and 
chemokine receptor blockade in RA (table 2).4,5,102,185-187 
As discussed above and also shown in table 2, the 
chemokine system is redundant. Therefore, targeting a 
single chemokine or a receptor specific for one ligand 
may not be sufficient.158,187 Multiple chemokines and 
chemokine receptors have been simultaneously targeted in 
animal models; however, human trials have not yet been 
conducted.156,157,177,187 Moreover, noncompetitive antagonism 
and inverse agonism may occur simultaneously on the 
chemokine receptor level.188 The ultimate effects may 

be dependent on the dose of the CCR antagonists.182 
Chemokine cleavage by proteases may alter their 
function.187,189,190 Thus, in the presence of matrix 
metalloproteinases, such as in the inflamed joint, the 
funct	 ion of chemokines may be altered, and therefore 
the effects of chemokine inhibition may be different than 
expected. The paradoxical effect may also be explained by 
the fact that specific chemokine receptors are expressed 
by both inflammatory and anti-inflammatory, regulatory 
T cells (Tregs). Thus, chemokine/receptor blockade may 
interfere with the migration of cells, such as Tregs with 
anti-inflammatory properties.191,192 Finally, as discussed 
above, some chemokines, such as CXCL12, CXCL13, 
CXCL16, CCL17, CCL18, CCL19 and CCL21, are involved in 
both homeostatic and inflammatory processes.1,14,29,31,42,44,187 
Chemokine blockade may interfere with homeostatic 
functions.187

In order to determine the future of chemokine receptor 
blockade, a recent study assessed the effects of specific 
chemokine receptor blockade on monocyte migration 
towards synovial fluid in vitro. Monocytes were chosen, 
since synovial macrophages derived from monocytes 
are key producers of pro-inflammatory cytokines and 
chemokines and they represent biomarkers sensitive to 
change after effective treatment.3,34,36 Therefore, an in 

vitro monocyte migration assay was used to determine the 
effects of CCR1, CCR2 and CCR5 inhibition. Monocyte 
chemotaxis was induced by CCL2, CCL5 or by an RA 
synovial fluid pool and the effects of anti-CCR1, anti-CCR2 
and anti-CCR5 blocking antibodies, as well as those of 
BX147, a small molecule CCR1 inhibitor, were tested. As 
expected, anti-CCR2 and anti-CCR5 antibodies inhibited 
CCL2- and CCL5-induced chemotaxis, respectively. 
However, the anti-CCR2 and anti-CCR5antibodies did 
not influence RA synovial fluid-mediated monocyte 
migration, not even when used in combination. In contrast, 
both the anti-CCR1 antibody and the CCR1 synthetic 
inhibitor blocked RA synovial fluid-induced monocyte 
chemotaxis. These results suggest that while CCR2 and 
CCR5 may not be critical for monocyte migration into 
synovial compartments, CCR1 seems to mediate this 
process.186 Indeed, CCR2 and CCR5 antibody blockade 

Table 2. Examples of potential difficulties and caveats 
in human chemokine and chemokine receptor blockade 
trials

•	 Redundancy of the chemokine system
•	 Agonist action of certain ligands on one receptor, and antagonist 

action on others
•	 Cleavage of chemokines by proteases
•	 Unwanted inhibition of anti-inflammatory cells 
•	 Interference with homeostatic function
•	 Levels of receptor occupancy were not high enough at all 

times
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failed to reduce synovial cell infiltration in clinical 
trials.168,175 Although preclinical studies indicated that 
dual targeting of CCR2 and CCR5 may be beneficial in 
animal models of arthritis,177 these data raise concerns 
about potential efficacy of CCR2/CCR5 blockade in RA 
patients.186 In contrast, CCR1 blockade inhibited synovial 
macrophage infiltration in a proof-of-principle study in 
RA patients172,173,180 and also in the recent study showing 
the effects of in vitro migration towards synovial fluid.186 
Therefore, the fact that CCR1 blockade failed in some 
clinical trials does not necessarily mean that CCR1 is not 
a good target.186 It appears critical to achieve very high 
levels of receptor occupancy at all times during the day 
in order to inhibit monocyte migration into the synovial 
compartment in vivo.169 Indeed, sustained CCR1 occupancy 
has been associated with effective anti-inflammatory 
response in other models of inflammation.193 

Summ    a r y

In this review, we have discussed the potential role of 
chemokines and chemokine receptors in the pathogenesis 
of arthritis. Numerous CXC, as well as some CC and 
CX

3
C chemokines and their respective receptors, have 

been implicated in leukocyte ingress into the inflamed 
synovium. Despite promising results in preclinical studies 
using anti-chemokine and anti-chemokine receptor 
biologics and small molecule compounds, nearly all 
human RA trials failed. Recent studies suggest that, at 
least with CCR1 inhibitors, chemokine receptor occupancy 
during the whole day is critical. This insight may open 
new opportunities for future clinical trials in RA as well 
as other inflammatory conditions.

R e f e r e n c e s

1.	 Vergunst CE, Tak PP. Chemokines: their role in rheumatoid arthritis. Curr 
Rheumatol Rep. 2005;7(5):382-8.

2.	 Szekanecz Z, Kim J, Koch AE. Chemokines and chemokine receptors in 
rheumatoid arthritis. Semin Immunol. 2003;15(1):15-21.

3.	 Szekanecz Z, Koch AE. Macrophages and their products in rheumatoid 
arthritis. Curr Opin Rheumatol. 2007;19(3):289-95.

4.	 Szekanecz Z, Vegvari A, Szabo Z, Koch AE. Chemokines and chemokine 
receptors in arthritis. Front Biosci (Schol Ed). 2010;2:153-67.

5.	 Koch AE. Chemokines and their receptors in rheumatoid arthritis: future 
targets? Arthritis Rheum. 2005;52(3):710-21.

6.	 Zlotnik A, Yoshie O. Chemokines: a new classification system and their 
role in immunity. Immunity. 2000;12(2):121-7.

7.	 Paleolog EM, Fava RA. Angiogenesis in rheumatoid arthritis: implications 
for future therapeutic strategies. Springer Semin Immunopathol. 
1998;20(1-2):73-94.

8.	 Szekanecz Z, Pakozdi A, Szentpetery A, Besenyei T, Koch AE. Chemokines 
and angiogenesis in rheumatoid arthritis. Front Biosci (Elite Ed). 
2009;1:44-51.

9.	 Strieter RM, Polverini PJ, Kunkel SL, Arenberg DA, Burdick MD, Kasper 
J, et al. The functional role of the ELR motif in CXC chemokine-mediated 
angiogenesis. J Biol Chem. 1995;270(45):27348-57.

10.	 Kokkonen H, Soderstrom I, Rocklov J, Hallmans G, Lejon K, Rantapaa 
Dahlqvist S. Up-regulation of cytokines and chemokines predates the 
onset of rheumatoid arthritis. Arthritis Rheum. 2010;62(2):383-91.

11.	 Szekanecz Z, Halloran MM, Volin MV, Woods JM, Strieter RM, Kenneth 
Haines G, 3rd, et al. Temporal expression of inflammatory cytokines 
and chemokines in rat adjuvant-induced arthritis. Arthritis Rheum. 
2000;43(6):1266-77.

12.	 Bacon K, Baggiolini M, Broxmeyer H, Horuk R, Lindley I, Mantovani A, et 
al. Chemokine/chemokine receptor nomenclature. J Interferon Cytokine 
Res. 2002;22(10):1067-8.

13.	 van der Voort R, van Lieshout AW, Toonen LW, Sloetjes AW, van den 
Berg WB, Figdor CG, et al. Elevated CXCL16 expression by synovial 
macrophages recruits memory T cells into rheumatoid joints. Arthritis 
Rheum. 2005;52(5):1381-91.

14.	 Nanki T, Shimaoka T, Hayashida K, Taniguchi K, Yonehara S, Miyasaka N. 
Pathogenic role of the CXCL16-CXCR6 pathway in rheumatoid arthritis. 
Arthritis Rheum. 2005;52(10):3004-14.

15.	 Hosaka S, Akahoshi T, Wada C, Kondo H. Expression of the chemokine 
superfamily in rheumatoid arthritis. Clin Exp Immunol. 1994;97(3):451-7.

16.	 Koch AE, Kunkel SL, Harlow LA, Mazarakis DD, Haines GK, Burdick MD, 
et al. Epithelial neutrophil activating peptide-78: a novel chemotactic 
cytokine for neutrophils in arthritis. J Clin Invest. 1994;94(3):1012-8.

17.	 Koch AE, Kunkel SL, Shah MR, Hosaka S, Halloran MM, Haines GK, 
et al. Growth-related gene product alpha. A chemotactic cytokine for 
neutrophils in rheumatoid arthritis. J Immunol. 1995;155(7):3660-6.

18.	 Nishiura H, Tanaka J, Takeya M, Tsukano M, Kambara T, Imamura T. 
IL-8/NAP-1 is the major T-cell chemoattractant in synovial tissues of 
rheumatoid arthritis. Clin Immunol Immunopathol. 1996;80(2):179-84.

19.	 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(5089):1798-801.

20.	 Koch AE, Volin MV, Woods JM, Kunkel SL, Connors MA, Harlow LA, et 
al. Regulation of angiogenesis by the C-X-C chemokines interleukin-8 
and epithelial neutrophil activating peptide 78 in the rheumatoid joint. 
Arthritis Rheum. 2001;44(1):31-40.

21.	 Deleuran B, Lemche P, Kristensen M, Chu CQ, Field M, Jensen J, et al. 
Localisation of interleukin 8 in the synovial membrane, cartilage-pannus 
junction and chondrocytes in rheumatoid arthritis. Scand J Rheumatol. 
1994;23(1):2-7.

22.	 Halloran MM, Woods JM, Strieter RM, Szekanecz Z, Volin MV, Hosaka S, 
et al. The role of an epithelial neutrophil-activating peptide-78-like protein 
in rat adjuvant-induced arthritis. J Immunol. 1999;162(12):7492-500.

23.	 Pierer M, Rethage J, Seibl R, Lauener R, Brentano F, Wagner U, 
et al. Chemokine secretion of rheumatoid arthritis synovial 
fibroblasts stimulated by Toll-like receptor 2 ligands. J Immunol. 
2004;172(2):1256-65.

24.	 Santiago B, Baleux F, Palao G, Gutierrez-Canas I, Ramirez JC, Arenzana-
Seisdedos F, et al. CXCL12 is displayed by rheumatoid endothelial cells 
through its basic amino-terminal motif on heparan sulfate proteoglycans. 
Arthritis Res Ther. 2006;8(2):R43.

25.	 Konig A, Krenn V, Toksoy A, Gerhard N, Gillitzer R. Mig, GRO alpha 
and RANTES messenger RNA expression in lining layer, infiltrates and 
different leucocyte populations of synovial tissue from patients with 
rheumatoid arthritis, psoriatic arthritis and osteoarthritis. Virchows Arch. 
2000;436(5):449-58.

26.	 Blades MC, Ingegnoli F, Wheller SK, Manzo A, Wahid S, Panayi GS, et 
al. Stromal cell-derived factor 1 (CXCL12) induces monocyte migration 
into human synovium transplanted onto SCID Mice. Arthritis Rheum. 
2002;46(3):824-36.

27.	 Nanki T, Hayashida K, El-Gabalawy HS, Suson S, Shi K, Girschick HJ, et 
al. Stromal cell-derived factor-1-CXC chemokine receptor 4 interactions 
play a central role in CD4+ T cell accumulation in rheumatoid arthritis 
synovium. J Immunol. 2000;165(11):6590-8.

28.	 Patel DD, Zachariah JP, Whichard LP. CXCR3 and CCR5 ligands in 
rheumatoid arthritis synovium. Clin Immunol. 2001;98(1):39-45.



362

S e p t e m b e r  2 0 1 1 ,  v o l .  6 9 ,  n o  9

Szekanecz et al. Chemokines and chemokine receptors in arthritis.

29.	 Ruth JH, Haas CS, Park CC, Amin MA, Martinez RJ, Haines GK, 3rd, et al. 
CXCL16-mediated cell recruitment to rheumatoid arthritis synovial tissue 
and murine lymph nodes is dependent upon the MAPK pathway. Arthritis 
Rheum. 2006;54(3):765-78.

30.	 Manzo A, Paoletti S, Carulli M, Blades MC, Barone F, Yanni G, et al. 
Systematic microanatomical analysis of CXCL13 and CCL21 in situ 
production and progressive lymphoid organization in rheumatoid 
synovitis. Eur J Immunol. 2005;35(5):1347-59.

31.	 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(1):650-5.

32.	 Castor CW, Miller JW, Walz DA. Structural and biological characteristics 
of connective tissue activating peptide (CTAP-III), a major 
human platelet-derived growth factor. Proc Natl Acad Sci U S A. 
1983;80(3):765-9.

33.	 Hanaoka R, Kasama T, Muramatsu M, Yajima N, Shiozawa F, Miwa Y, 
et al. A novel mechanism for the regulation of IFN-gamma inducible 
protein-10 expression in rheumatoid arthritis. Arthritis Res Ther. 
2003;5(2):R74-81.

34.	 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(7):2187-95.

35.	 Vergunst CE, van de Sande MG, Lebre MC, Tak PP. The role of 
chemokines in rheumatoid arthritis and osteoarthritis. Scand J 
Rheumatol. 2005;34(6):415-25.

36.	 Haringman JJ, Gerlag DM, Zwinderman AH, Smeets TJ, Kraan MC, 
Baeten D, et al. Synovial tissue macrophages: a sensitive biomarker for 
response to treatment in patients with rheumatoid arthritis. Ann Rheum 
Dis. 2005;64(6):834-8.

37.	 Szekanecz Z, Koch AE. Chemokines and angiogenesis. Curr Opin 
Rheumatol. 2001;13(3):202-8.

38.	 Erdem H, Pay S, Serdar M, Simsek I, Dinc A, Musabak U, et al. Different 
ELR (+) angiogenic CXC chemokine profiles in synovial fluid of patients 
with Behcet’s disease, familial Mediterranean fever, rheumatoid arthritis, 
and osteoarthritis. Rheumatol Int. 2005;26(2):162-7.

39.	 Bodolay E, Koch AE, Kim J, Szegedi G, Szekanecz Z. Angiogenesis and 
chemokines in rheumatoid arthritis and other systemic inflammatory 
rheumatic diseases. J Cell Mol Med. 2002;6(3):357-76.

40.	 Rudolph EH, Woods JM. Chemokine expression and regulation of 
angiogenesis in rheumatoid arthritis. Curr Pharm Des. 2005;11(5):613-31.

41.	 Erdem H, Pay S, Musabak U, Simsek I, Dinc A, Pekel A, et al. Synovial 
angiostatic non-ELR CXC chemokines in inflammatory arthritides: 
does CXCL4 designate chronicity of synovitis? Rheumatol Int. 
2007;27(10):969-73.

42.	 Pablos JL, Santiago B, Galindo M, Torres C, Brehmer MT, Blanco FJ, et 
al. Synoviocyte-derived CXCL12 is displayed on endothelium and induces 
angiogenesis in rheumatoid arthritis. J Immunol. 2003;170(4):2147-52.

43.	 Santiago B, Calonge E, Rey MJ, Gutierrez-Canas I, Izquierdo E, Usategui 
A, et al. CXCL12 gene expression is upregulated by hypoxia and growth 
arrest but not by inflammatory cytokines in rheumatoid synovial 
fibroblasts. Cytokine. 2011;53(2):184-90.

44.	 Bradfield PF, Amft N, Vernon-Wilson E, Exley AE, Parsonage G, Rainger 
GE, et al. Rheumatoid fibroblast-like synoviocytes overexpress the 
chemokine stromal cell-derived factor 1 (CXCL12), which supports 
distinct patterns and rates of CD4+ and CD8+ T cell migration within 
synovial tissue. Arthritis Rheum. 2003;48(9):2472-82.

45.	 Manzo A, Vitolo B, Humby F, Caporali R, Jarrossay D, Dell’accio F, et al. 
Mature antigen-experienced T helper cells synthesize and secrete the 
B cell chemoattractant CXCL13 in the inflammatory environment of the 
rheumatoid joint. Arthritis Rheum. 2008;58(11):3377-87.

46.	 Petit I, Jin D, Rafii S. The SDF-1-CXCR4 signaling pathway: a molecular 
hub modulating neo-angiogenesis. Trends Immunol. 2007;28(7):299-307.

47.	 Gronthos S, Zannettino AC. The role of the chemokine CXCL12 in 
osteoclastogenesis. Trends Endocrinol Metab. 2007;18(3):108-13.

48.	 Kim KW, Cho ML, Kim HR, Ju JH, Park MK, Oh HJ, et al. Up-regulation of 
stromal cell-derived factor 1 (CXCL12) production in rheumatoid synovial 
fibroblasts through interactions with T lymphocytes: role of interleukin-17 
and CD40L-CD40 interaction. Arthritis Rheum. 2007;56(4):1076-86.

49.	 Joven B, Gonzalez N, Aguilar F, Santiago B, Galindo M, Alcami J, et al. 
Association between stromal cell-derived factor 1 chemokine gene variant 
and radiographic progression of rheumatoid arthritis. Arthritis Rheum. 
2005;52(1):354-6.

50.	 Pickens SR, Chamberlain ND, Volin MV, Pope RM, Mandelin AM, 2nd, 
Shahrara S. Characterization of CCL19 and CCL21 in rheumatoid arthritis. 
Arthritis Rheum. 2011;63(4):914-22. 

51.	 van Lieshout AW, van der Voort R, le Blanc LM, Roelofs MF, Schreurs 
BW, van Riel PL, et al. Novel insights in the regulation of CCL18 secretion 
by monocytes and dendritic cells via cytokines, toll-like receptors and 
rheumatoid synovial fluid. BMC Immunol. 2006;7:23. 

52.	 van Lieshout AW, Fransen J, Flendrie M, Eijsbouts AM, van den Hoogen 
FH, van Riel PL, et al. Circulating levels of the chemokine CCL18 but not 
CXCL16 are elevated and correlate with disease activity in rheumatoid 
arthritis. Ann Rheum Dis. 2007;66(10):1334-8.

53.	 Farragher TM, Plant D, Flynn E, Eyre S, Bunn D, Thomson W, et al. 
Association of a rheumatoid arthritis susceptibility variant at the CCL21 
locus with premature mortality in inflammatory polyarthritis patients. 
Arthritis Care Res (Hoboken). 2010;62(5):676-82.

54.	 Shahrara S, Proudfoot AE, Park CC, Volin MV, Haines GK, Woods JM, 
et al. Inhibition of monocyte chemoattractant protein-1 ameliorates rat 
adjuvant-induced arthritis. J Immunol. 2008;180(5):3447-56.

55.	 Weninger W, Carlsen HS, Goodarzi M, Moazed F, Crowley MA, 
Baekkevold ES, et al. Naive T cell recruitment to nonlymphoid tissues: a 
role for endothelium-expressed CC chemokine ligand 21 in autoimmune 
disease and lymphoid neogenesis. J Immunol. 2003;170(9):4638-48.

56.	 Ruth JH, Shahrara S, Park CC, Morel JC, Kumar P, Qin S, et al. Role 
of macrophage inflammatory protein-3alpha and its ligand CCR6 in 
rheumatoid arthritis. Lab Invest. 2003;83(4):579-88.

57.	 Shahrara S, Proudfoot AE, Woods JM, Ruth JH, Amin MA, Park CC, et al. 
Amelioration of rat adjuvant-induced arthritis by Met-RANTES. Arthritis 
Rheum. 2005;52(6):1907-19.

58.	 Koch AE, Kunkel SL, Harlow LA, Johnson B, Evanoff HL, Haines GK, 
et al. Enhanced production of monocyte chemoattractant protein-1 in 
rheumatoid arthritis. J Clin Invest. 1992;90(3):772-9.

59.	 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(3):921-8.

60.	 Snowden N, Hajeer A, Thomson W, Ollier B. RANTES role in rheumatoid 
arthritis. Lancet. 1994;343(8896):547-8.

61.	 Volin MV, Shah MR, Tokuhira M, Haines GK, Woods JM, Koch AE. 
RANTES expression and contribution to monocyte chemotaxis in 
arthritis. Clin Immunol Immunopathol. 1998;89(1):44-53.

62.	 Tanida S, Yoshitomi H, Nishitani K, Ishikawa M, Kitaori T, Ito H, et al. 
CCL20 produced in the cytokine network of rheumatoid arthritis recruits 
CCR6+ mononuclear cells and enhances the production of IL-6. Cytokine. 
2009;47(2):112-8.

63.	 Auer J, Blass M, Schulze-Koops H, Russwurm S, Nagel T, Kalden JR, et 
al. Expression and regulation of CCL18 in synovial fluid neutrophils of 
patients with rheumatoid arthritis. Arthritis Res Ther. 2007;9(5):R94.

64.	 Hirota K, Yoshitomi H, Hashimoto M, Maeda S, Teradaira S, Sugimoto N, 
et al. Preferential recruitment of CCR6-expressing Th17 cells to inflamed 
joints via CCL20 in rheumatoid arthritis and its animal model. J Exp Med. 
2007;204(12):2803-12.

65.	 Manzo A, Bugatti S, Caporali R, Prevo R, Jackson DG, Uguccioni M, et al. 
CCL21 expression pattern of human secondary lymphoid organ stroma 
is conserved in inflammatory lesions with lymphoid neogenesis. Am J 
Pathol. 2007;171(5):1549-62.

66.	 Momohara S, Okamoto H, Iwamoto T, Mizumura T, Ikari K, Kawaguchi 
Y, et al. High CCL18/PARC expression in articular cartilage and 
synovial tissue of patients with rheumatoid arthritis. J Rheumatol. 
2007;34(2):266-71.



363

S e p t e m b e r  2 0 1 1 ,  v o l .  6 9 ,  n o  9

Szekanecz et al. Chemokines and chemokine receptors in arthritis.

67.	 Okamoto H, Koizumi K, Yamanaka H, Saito T, Kamatani N. A role 
for TARC/CCL17, a CC chemokine, in systemic lupus erythematosus.  
J Rheumatol. 2003;30(11):2369-73.

68.	 Haringman JJ, Smeets TJ, Reinders-Blankert P, Tak PP. Chemokine 
and chemokine receptor expression in paired peripheral blood 
mononuclear cells and synovial tissue of patients with rheumatoid 
arthritis, osteoarthritis, and reactive arthritis. Ann Rheum Dis. 
2006;65(3):294-300.

69.	 Lisignoli G, Piacentini A, Cristino S, Grassi F, Cavallo C, Cattini L, 
et al. CCL20 chemokine induces both osteoblast proliferation and 
osteoclast differentiation: Increased levels of CCL20 are expressed in 
subchondral bone tissue of rheumatoid arthritis patients. J Cell Physiol. 
2007;210(3):798-806.

70.	 Lisignoli G, Manferdini C, Codeluppi K, Piacentini A, Grassi F, Cattini L, 
et al. CCL20/CCR6 chemokine/receptor expression in bone tissue from 
osteoarthritis and rheumatoid arthritis patients: different response of 
osteoblasts in the two groups. J Cell Physiol. 2009;221(1):154-60.

71.	 Iwamoto T, Okamoto H, Iikuni N, Takeuchi M, Toyama Y, Tomatsu T, et al. 
Monocyte chemoattractant protein-4 (MCP-4)/CCL13 is highly expressed 
in cartilage from patients with rheumatoid arthritis. Rheumatology 
(Oxford). 2006;45(4):421-4.

72.	 Iwamoto T, Okamoto H, Kobayashi S, Ikari K, Toyama Y, Tomatsu T, et 
al. A role of monocyte chemoattractant protein-4 (MCP-4)/CCL13 from 
chondrocytes in rheumatoid arthritis. FEBS J. 2007;274(18):4904-12.

73.	 Buckley CD. Why does chronic inflammatory joint disease persist? Clin 
Med. 2003;3(4):361-6.

74.	 Borthwick NJ, Akbar AN, MacCormac LP, Lowdell M, Craigen JL, 
Hassan I, et al. Selective migration of highly differentiated primed T 
cells, defined by low expression of CD45RB, across human umbilical 
vein endothelial cells: effects of viral infection on transmigration. 
Immunology. 1997;90(2):272-80.

75.	 Kelner GS, Kennedy J, Bacon KB, Kleyensteuber S, Largaespada DA, 
Jenkins NA, et al. Lymphotactin: a cytokine that represents a new class 
of chemokine. Science. 1994;266(5189):1395-9.

76.	 Ruth JH, Volin MV, Haines GK, 3rd, 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(7):1568-81.

77.	 Sawai H, Park YW, He X, Goronzy JJ, Weyand CM. Fractalkine mediates 
T cell-dependent proliferation of synovial fibroblasts in rheumatoid 
arthritis. Arthritis Rheum. 2007;56(10):3215-25.

78.	 Volin MV, Huynh N, Klosowska K, Chong KK, Woods JM. Fractalkine 
is a novel chemoattractant for rheumatoid arthritis fibroblast-like 
synoviocyte signaling through MAP kinases and Akt. Arthritis Rheum. 
2007;56(8):2512-22.

79.	 Bazan JF, Bacon KB, Hardiman G, Wang W, Soo K, Rossi D, et al. A 
new class of membrane-bound chemokine with a CX3C motif. Nature. 
1997;385(6617):640-4.

80.	 Volin MV, Woods JM, Amin MA, Connors MA, Harlow LA, Koch AE. 
Fractalkine: a novel angiogenic chemokine in rheumatoid arthritis. Am J 
Pathol. 2001;159(4):1521-30.

81.	 Matsunawa M, Isozaki T, Odai T, Yajima N, Takeuchi HT, Negishi M, 
et al. Increased serum levels of soluble fractalkine (CX3CL1) correlate 
with disease activity in rheumatoid vasculitis. Arthritis Rheum. 
2006;54(11):3408-16.

82.	 Pingiotti E, Cipriani P, Marrelli A, Liakouli V, Fratini S, Penco M, et al. 
Surface expression of fractalkine receptor (CX3CR1) on CD4+/CD28 T 
cells in RA patients and correlation with atherosclerotic damage. Ann N 
Y Acad Sci. 2007;1107:32-41.

83.	 D’Ambrosio D, Panina-Bordignon P, Sinigaglia F. Chemokine receptors 
in inflammation: an overview. J Immunol Methods. 2003;273(1-2):3-13.

84.	 Garcia-Lopez MA, Sanchez-Madrid F, Rodriguez-Frade JM, Mellado M, 
Acevedo A, Garcia MI, et al. CXCR3 chemokine receptor distribution 
in normal and inflamed tissues: expression on activated lymphocytes, 
endothelial cells, and dendritic cells. Lab Invest. 2001;81(3):409-18.

85.	 Qin S, Rottman JB, Myers P, Kassam N, Weinblatt M, Loetscher M, 
et al. The chemokine receptors CXCR3 and CCR5 mark subsets of T 
cells associated with certain inflammatory reactions. J Clin Invest. 
1998;101(4):746-54.

86.	 Wengner AM, Hopken UE, Petrow PK, Hartmann S, Schurigt U, 
Brauer R, et al. CXCR5- and CCR7-dependent lymphoid neogenesis in 
a murine model of chronic antigen-induced arthritis. Arthritis Rheum. 
2007;56(10):3271-83.

87.	 Loetscher P, Uguccioni M, Bordoli L, Baggiolini M, Moser B, 
Chizzolini C, et al. CCR5 is characteristic of Th1 lymphocytes. Nature. 
1998;391(6665):344-5.

88.	 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(5):1022-32.

89.	 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(12):2750-60.

90.	 Bruhl H, Mack M, Niedermeier M, Lochbaum D, Scholmerich J, 
Straub RH. Functional expression of the chemokine receptor CCR7 on 
fibroblast-like synoviocytes. Rheumatology (Oxford). 2008;47(12):1771-4.

91.	 Borzi RM, Mazzetti I, Macor S, Silvestri T, Bassi A, Cattini L, et al. Flow 
cytometric analysis of intracellular chemokines in chondrocytes in 
vivo: constitutive expression and enhancement in osteoarthritis and 
rheumatoid arthritis. FEBS Lett. 1999;455(3):238-42.

92.	 Rossol M, Pierer M, Arnold S, Keysser G, Burkhardt H, Baerwald C, et al. 
Negative association of the chemokine receptor CCR5 d32 polymorphism 
with systemic inflammatory response, extra-articular symptoms and joint 
erosion in rheumatoid arthritis. Arthritis Res Ther. 2009;11(3):R91.

93.	 Prahalad S. Negative association between the chemokine receptor 
CCR5-Delta32 polymorphism and rheumatoid arthritis: a meta-analysis. 
Genes Immun. 2006;7(3):264-8.

94.	 Pokorny V, McQueen F, Yeoman S, Merriman M, Merriman A, Harrison 
A, et al. Evidence for negative association of the chemokine receptor 
CCR5 d32 polymorphism with rheumatoid arthritis. Ann Rheum Dis. 
2005;64(3):487-90.

95.	 Zapico I, Coto E, Rodriguez A, Alvarez C, Torre JC, Alvarez V. CCR5 
(chemokine receptor-5) DNA-polymorphism influences the severity of 
rheumatoid arthritis. Genes Immun. 2000;1(4):288-9.

96.	 Lindner E, Nordang GB, Melum E, Flato B, Selvaag AM, Thorsby E, et al. 
Lack of association between the chemokine receptor 5 polymorphism 
CCR5delta32 in rheumatoid arthritis and juvenile idiopathic arthritis. BMC 
Med Genet. 2007;8:33.

97.	 Kohem CL, Brenol JC, Xavier RM, Bredemeier M, Brenol CV, Dedavid 
e Silva TL, et al. The chemokine receptor CCR5 genetic polymorphism 
and expression in rheumatoid arthritis patients. Scand J Rheumatol. 
2007;36(5):359-64.

98.	 Prahalad S, Bohnsack JF, Jorde LB, Whiting A, Clifford B, Dunn D, et al. 
Association of two functional polymorphisms in the CCR5 gene with 
juvenile rheumatoid arthritis. Genes Immun. 2006;7(6):468-75.

99.	 Soto-Sanchez J, Santos-Juanes J, Coto-Segura P, Coto E, Diaz M, 
Rodriguez I, et al. Genetic variation at the CCR5/CCR2 gene cluster and 
risk of psoriasis and psoriatic arthritis. Cytokine. 2010;50(2):114-6.

100.	Matsui T, Akahoshi T, Namai R, Hashimoto A, Kurihara Y, Rana M, et al. 
Selective recruitment of CCR6-expressing cells by increased production of 
MIP-3 alpha in rheumatoid arthritis. Clin Exp Immunol. 2001;125(1):155-61.

101.	 Nanki T, Imai T, Nagasaka K, Urasaki Y, Nonomura Y, Taniguchi K, et 
al. Migration of CX3CR1-positive T cells producing type 1 cytokines and 
cytotoxic molecules into the synovium of patients with rheumatoid 
arthritis. Arthritis Rheum. 2002;46(11):2878-83.

102.	Tak PP. Chemokine inhibition in inflammatory arthritis. Best Pract Res 
Clin Rheumatol. 2006;20(5):929-39.

103.	Chen X, Oppenheim JJ, Howard OM. Chemokines and chemokine 
receptors as novel therapeutic targets in rheumatoid arthritis (RA): 
inhibitory effects of traditional Chinese medicinal components. Cell Mol 
Immunol. 2004;1(5):336-42.

104.	Haringman JJ, Oostendorp RL, Tak PP. Targeting cellular adhesion 
molecules, chemokines and chemokine receptors in rheumatoid arthritis. 
Expert Opin Emerg Drugs. 2005;10(2):299-310.

105.	Loetscher P, Dewald B, Baggiolini M, Seitz M. Monocyte chemoattractant 
protein 1 and interleukin 8 production by rheumatoid synoviocytes. 
Effects of anti-rheumatic drugs. Cytokine. 1994;6(2):162-70.



364

S e p t e m b e r  2 0 1 1 ,  v o l .  6 9 ,  n o  9

Szekanecz et al. Chemokines and chemokine receptors in arthritis.

106.	Lopez-Armada MJ, Sanchez-Pernaute O, Largo R, Diez-Ortego I, Palacios 
I, Egido J, et al. Modulation of cell recruitment by anti-inflammatory 
agents in antigen-induced arthritis. Ann Rheum Dis. 2002;61(11):1027-30.

107.	Ospelt C, Kurowska-Stolarska M, Neidhart M, Michel BA, Gay RE, 
Laufer S, et al. The dual inhibitor of lipoxygenase and cyclooxygenase 
ML3000 decreases the expression of CXCR3 ligands. Ann Rheum Dis. 
2008;67(4):524-9.

108.	Klimiuk PA, Kita J, Chwiecko J, Sierakowski S. The changes in serum 
chemokines following leflunomide therapy in patients with rheumatoid 
arthritis. Clin Rheumatol. 2009;28(1):17-21.

109.	Ho CY, Wong CK, Li EK, Tam LS, Lam CW. Suppressive effect of 
combination treatment of leflunomide and methotrexate on chemokine 
expression in patients with rheumatoid arthritis. Clin Exp Immunol. 
2003;133(1):132-8.

110.	 Volin MV, Campbell PL, Connors MA, Woodruff DC, Koch AE. The effect 
of sulfasalazine on rheumatoid arthritic synovial tissue chemokine 
production. Exp Mol Pathol. 2002;73(2):84-92.

111.	 Volin MV, Harlow LA, Woods JM, Campbell PL, Amin MA, Tokuhira M, et 
al. Treatment with sulfasalazine or sulfapyridine, but not 5-aminosalicyclic 
acid, inhibits basic fibroblast growth factor-induced endothelial cell 
chemotaxis. Arthritis Rheum. 1999;42(9):1927-35.

112.	 Ellingsen T, Hornung N, Moller BK, Poulsen JH, Stengaard-Pedersen 
K. Differential effect of methotrexate on the increased CCR2 density 
on circulating CD4 T lymphocytes and monocytes in active chronic 
rheumatoid arthritis, with a down regulation only on monocytes in 
responders. Ann Rheum Dis. 2007;66(2):151-7.

113.	 Barsig J, Yam G, Lehner MD, Beume R. Methotrexate treatment 
suppresses local cytokine and chemokine production in rat adjuvant 
arthritis. Drugs Exp Clin Res. 2005;31(1):7-11.

114.	 Seitz M, Loetscher P, Dewald B, Towbin H, Rordorf C, Gallati H, et al. 
Methotrexate action in rheumatoid arthritis: stimulation of cytokine 
inhibitor and inhibition of chemokine production by peripheral blood 
mononuclear cells. Br J Rheumatol. 1995;34(7):602-9.

115.	 Kageyama Y, Kobayashi H, Kato N, Shimazu M. Etanercept reduces 
the serum levels of macrophage chemotactic protein-1 in patients with 
rheumatoid arthritis. Mod Rheumatol. 2009;19(4):372-8.

116.	 Taylor PC, Peters AM, Paleolog E, Chapman PT, Elliott MJ, McCloskey 
R, et al. Reduction of chemokine levels and leukocyte traffic to joints 
by tumor necrosis factor alpha blockade in patients with rheumatoid 
arthritis. Arthritis Rheum. 2000;43(1):38-47.

117.	 Torikai E, Kageyama Y, Suzuki M, Ichikawa T, Nagano A. The effect of 
infliximab on chemokines in patients with rheumatoid arthritis. Clin 
Rheumatol. 2007;26(7):1088-93.

118.	 Klimiuk PA, Sierakowski S, Domyslawska I, Chwiecko J. Regulation 
of serum chemokines following infliximab therapy in patients with 
rheumatoid arthritis. Clin Exp Rheumatol. 2006;24(5):529-33.

119.	 Klimiuk PA, Sierakowski S, Domyslawska I, Chwiecko J. Serum 
chemokines in patients with rheumatoid arthritis treated with etanercept. 
Rheumatol Int. 2009;31(4):457-61.

120.	Kageyama Y, Torikai E, Nagano A. Anti-tumor necrosis factor-alpha 
antibody treatment reduces serum CXCL16 levels in patients with 
rheumatoid arthritis. Rheumatol Int. 2007;27(5):467-72.

121.	 Kawashiri SY, Kawakami A, Iwamoto N, Fujikawa K, Aramaki T, Tamai M, 
et al. Proinflammatory cytokines synergistically enhance the production 
of chemokine ligand 20 (CCL20) from rheumatoid fibroblast-like synovial 
cells in vitro and serum CCL20 is reduced in vivo by biologic disease-
modifying antirheumatic drugs. J Rheumatol. 2009;36(11):2397-402.

122.	Odai T, Matsunawa M, Takahashi R, Wakabayashi K, Isozaki T, Yajima 
N, et al. Correlation of CX3CL1 and CX3CR1 Levels with Response to 
Infliximab Therapy in Patients with Rheumatoid Arthritis. J Rheumatol. 
2009;36(6):1158-65.

123.	 Ichikawa T, Kageyama Y, Kobayashi H, Kato N, Tsujimura K, Koide Y. 
Etanercept treatment reduces the serum levels of interleukin-15 and 
interferon-gamma inducible protein-10 in patients with rheumatoid 
arthritis. Rheumatol Int. 2010;30(6):725-30.

124.	Popa C, Barrera P, Joosten LA, Riel PL, Kullberg BJ, Meer JW, et al. 
Cytokine production from stimulated whole blood cultures in rheumatoid 
arthritis patients treated with various TNF blocking agents. Eur Cytokine 
Netw. 2009;20(2):88-93.

125.	 Lun SW, Wong CK, Tam LS, Li EK, Lam CW. Decreased ex vivo production 
of TNF-alpha and IL-8 by peripheral blood cells of patients with 
rheumatoid arthritis after infliximab therapy. Int Immunopharmacol. 
2007;7(13):1668-77.

126.	Suzuki M, Hashizume M, Yoshida H, Mihara M. Anti-inflammatory 
mechanism of tocilizumab, a humanized anti-IL-6R antibody: effect on 
the expression of chemokine and adhesion molecule. Rheumatol Int. 
2010;30(3):309-15.

127.	 Keren Z, Braun-Moscovici Y, Markovits D, Rozin A, Nahir M, 
Balbir-Gurman A, et al. Depletion of B lymphocytes in rheumatoid 
arthritis patients modifies IL-8-anti-IL-8 autoantibody network. Clin 
Immunol. 2009;133(1):108-16.

128.	Portales P, Fabre S, Vincent T, Desmetz C, Reant B, Noel D, et al. 
Peripheral blood T4 cell surface CCR5 density as a marker of activity 
in rheumatoid arthritis treated with anti-CD20 monoclonal antibody. 
Immunology. 2009;128(1 Suppl):e738-45.

129.	Nissinen R, Leirisalo-Repo M, Peltomaa R, Palosuo T, Vaarala O. Cytokine 
and chemokine receptor profile of peripheral blood mononuclear cells 
during treatment with infliximab in patients with active rheumatoid 
arthritis. Ann Rheum Dis. 2004;63(6):681-7.

130.	Aerts NE, De Knop KJ, Leysen J, Ebo DG, Bridts CH, Weyler JJ, et al. 
Increased IL-17 production by peripheral T helper cells after tumour 
necrosis factor blockade in rheumatoid arthritis is accompanied by 
inhibition of migration-associated chemokine receptor expression. 
Rheumatology (Oxford) 2010;49(12):2264-72.

131.	 Aeberli D, Seitz M, Juni P, Villiger PM. Increase of peripheral CXCR3 
positive T lymphocytes upon treatment of RA patients with TNF-alpha 
inhibitors. Rheumatology (Oxford). 2005;44(2):172-5.

132.	 Newton SM, Mackie SL, Martineau AR, Wilkinson KA, Kampmann 
B, Fisher C, et al. Reduction of chemokine secretion in response to 
mycobacteria in infliximab-treated patients. Clin Vaccine Immunol. 
2008;15(3):506-12.

133.	 Sato M, Miyazaki T, Kambe F, Maeda K, Seo H. Quercetin, a bioflavonoid, 
inhibits the induction of interleukin 8 and monocyte chemoattractant 
protein-1 expression by tumor necrosis factor-alpha in cultured human 
synovial cells. J Rheumatol. 1997;24(9):1680-4.

134.	Sato M, Miyazaki T, Nagaya T, Murata Y, Ida N, Maeda K, et al. 
Antioxidants inhibit tumor necrosis factor-alpha mediated stimulation 
of interleukin-8, monocyte chemoattractant protein-1, and 
collagenase expression in cultured human synovial cells. J Rheumatol. 
1996;23(3):432-8.

135.	 Yokota K, Miyazaki T, Hirano M, Akiyama Y, Mimura T. Simvastatin 
inhibits production of interleukin 6 (IL-6) and IL-8 and cell proliferation 
induced by tumor necrosis factor-alpha in fibroblast-like synoviocytes 
from patients with rheumatoid arthritis. J Rheumatol. 2006;33(3):463-71.

136.	 Marotte H, Ruth JH, Campbell PL, Koch AE, Ahmed S. Green tea extract 
inhibits chemokine production, but up-regulates chemokine receptor 
expression, in rheumatoid arthritis synovial fibroblasts and rat adjuvant-
induced arthritis. Rheumatology (Oxford). 2010;49(3):467-79.

137.	 Ahmed S, Pakozdi A, Koch AE. Regulation of interleukin-1beta-induced 
chemokine production and matrix metalloproteinase 2 activation by 
epigallocatechin-3-gallate in rheumatoid arthritis synovial fibroblasts. 
Arthritis Rheum. 2006;54(8):2393-401.

138.	 Lin SK, Chang HH, Chen YJ, Wang CC, Galson DL, Hong CY, et 
al. Epigallocatechin-3-gallate diminishes CCL2 expression in human 
osteoblastic cells via up-regulation of phosphatidylinositol 3-Kinase/Akt/
Raf-1 interaction: a potential therapeutic benefit for arthritis. Arthritis 
Rheum. 2008;58(10):3145-56.

139.	 Hounoki H, Sugiyama E, Mohamed SG, Shinoda K, Taki H, Abdel-Aziz 
HO, et al. Activation of peroxisome proliferator-activated receptor 
gamma inhibits TNF-alpha-mediated osteoclast differentiation in 
human peripheral monocytes in part via suppression of monocyte 
chemoattractant protein-1 expression. Bone. 2008;42(4):765-74.



365

S e p t e m b e r  2 0 1 1 ,  v o l .  6 9 ,  n o  9

Szekanecz et al. Chemokines and chemokine receptors in arthritis.

140.	Matta R, Wang X, Ge H, Ray W, Nelin LD, Liu Y. Triptolide induces 
anti-inflammatory cellular responses. Am J Transl Res. 2009;1(3):267-82.

141.	 Li EK, Tam LS, Wong CK, Li WC, Lam CW, Wachtel-Galor S, et 
al. Safety and efficacy of Ganoderma lucidum (lingzhi) and San 
Miao San supplementation in patients with rheumatoid arthritis: a 
double-blind, randomized, placebo-controlled pilot trial. Arthritis Rheum. 
2007;57(7):1143-50.

142.	Kim MS, Choi IY, Lee SH, Hong SH, Shin T, Kim HM. The Oriental 
medicine “Cool-Cool (Cool-X-A)” inhibits inflammatory cytokine 
production and migration in mast cells. Biol Pharm Bull. 2004;27(1):34-7.

143.	 Wang Y, Wei D, Lai Z, Le Y. Triptolide inhibits CC chemokines 
expressed in rat adjuvant-induced arthritis. Int Immunopharmacol. 
2006;6(12):1825-32.

144.	Shishodia S, Sethi G, Aggarwal BB. Curcumin: getting back to the roots. 
Ann N Y Acad Sci. 2005;1056:206-17.

145.	 Xiong M, Song C, Lin J, Song L. [Effect of tongbiling on the expression of 
MCP-1 mRNA of synovial cells in rats with adjuvant arthritis]. Zhong Yao 
Cai. 2002;25(10):722-4.

146.	Li J, Shao X, Wu L, Feng T, Jin C, Fang M, et al. Honokiol: an effective 
inhibitor of tumor necrosis factor-{alpha}-induced up-regulation of 
inflammatory cytokine and chemokine production in human synovial 
fibroblasts. Acta Biochim Biophys Sin (Shanghai). 2011;43(5):380-6.

147.	 Nanki T, Urasaki Y, Imai T, Nishimura M, Muramoto K, Kubota T, et al. 
Inhibition of fractalkine ameliorates murine collagen-induced arthritis. J 
Immunol. 2004;173(11):7010-6.

148.	Akahoshi T, Endo H, Kondo H, Kashiwazaki S, Kasahara T, Mukaida N, 
et al. Essential involvement of interleukin-8 in neutrophil recruitment in 
rabbits with acute experimental arthritis induced by lipopolysaccharide 
and interleukin-1. Lymphokine Cytokine Res. 1994;13(2):113-6.

149.	Kasama T, Strieter RM, Lukacs NW, Lincoln PM, Burdick MD, Kunkel 
SL. Interleukin-10 expression and chemokine regulation during the 
evolution of murine type II collagen-induced arthritis. J Clin Invest. 
1995;95(6):2868-76.

150.	 Ogata H, Takeya M, Yoshimura T, Takagi K, Takahashi K. The role of 
monocyte chemoattractant protein-1 (MCP-1) in the pathogenesis of 
collagen-induced arthritis in rats. J Pathol. 1997;182(1):106-14.

151.	 Barnes DA, Tse J, Kaufhold M, Owen M, Hesselgesser J, Strieter R, et 
al. Polyclonal antibody directed against human RANTES ameliorates 
disease in the Lewis rat adjuvant-induced arthritis model. J Clin Invest. 
1998;101(12):2910-9.

152.	 Ablin JN, Entin-Meer M, Aloush V, Oren S, Elkayam O, George J, et al. 
Protective effect of eotaxin-2 inhibition in adjuvant-induced arthritis. Clin 
Exp Immunol. 2010;161(2):276-83.

153.	 Wooley PH, Schaefer C, Whalen JD, Dutcher JA, Counts DF. A peptide 
sequence from platelet factor 4 (CT-112) is effective in the treatment of 
type II collagen induced arthritis in mice. J Rheumatol. 1997;24(5):890-8.

154.	Gong JH, Ratkay LG, Waterfield JD, Clark-Lewis I. An antagonist of 
monocyte chemoattractant protein 1 (MCP-1) inhibits arthritis in the 
MRL-lpr mouse model. J Exp Med. 1997;186(1):131-7.

155.	 Inoue T, Yamashita M, Higaki M. The new antirheumatic drug KE-298 
suppresses monocyte chemoattractant protein (MCP)-1 and RANTES 
production in rats with adjuvant-induced arthritis and in IL-1beta-
stimulated synoviocytes of patients with rheumatoid arthritis. Rheumatol 
Int. 2001;20(4):149-53.

156.	 Gong JH, Yan R, Waterfield JD, Clark-Lewis I. Post-onset inhibition 
of murine arthritis using combined chemokine antagonist therapy. 
Rheumatology (Oxford). 2004;43(1):39-42.

157.	 Matsukawa A, Yoshimura T, Fujiwara K, Maeda T, Ohkawara S, Yoshinaga 
M. Involvement of growth-related protein in lipopolysaccharide-induced 
rabbit arthritis: cooperation between growth-related protein and IL-8, and 
interrelated regulation among TNFalpha, IL-1, IL-1 receptor antagonist, 
IL-8, and growth-related protein. Lab Invest. 1999;79(5):591-600.

158.	 Haringman JJ, Gerlag DM, Smeets TJ, Baeten D, van den Bosch F, 
Bresnihan B, et al. A randomized controlled trial with an anti-CCL2 
(anti-monocyte chemotactic protein 1) monoclonal antibody in patients 
with rheumatoid arthritis. Arthritis Rheum. 2006;54(8):2387-92.

159.	 Mohan K, Issekutz TB. Blockade of chemokine receptor CXCR3 inhibits T 
cell recruitment to inflamed joints and decreases the severity of adjuvant 
arthritis. J Immunol. 2007;179(12):8463-9.

160.	Khan A, Greenman J, Archibald SJ. Small molecule CXCR4 chemokine 
receptor antagonists: developing drug candidates. Curr Med Chem. 
2007;14(21):2257-77.

161.	 Cunha TM, Barsante MM, Guerrero AT, Verri WA, Jr., Ferreira SH, 
Coelho FM, et al. Treatment with DF 2162, a non-competitive allosteric 
inhibitor of CXCR1/2, diminishes neutrophil influx and inflammatory 
hypernociception in mice. Br J Pharmacol. 2008;154(2):460-70.

162.	Podolin PL, Bolognese BJ, Foley JJ, Schmidt DB, Buckley PT, Widdowson 
KL, et al. A potent and selective nonpeptide antagonist of CXCR2 
inhibits acute and chronic models of arthritis in the rabbit. J Immunol. 
2002;169(11):6435-44.

163.	 Barsante MM, Cunha TM, Allegretti M, Cattani F, Policani F, Bizzarri C, 
et al. Blockade of the chemokine receptor CXCR2 ameliorates adjuvant-
induced arthritis in rats. Br J Pharmacol. 2008;153(5):992-1002.

164.	Hatse S, Princen K, Bridger G, De Clercq E, Schols D. Chemokine 
receptor inhibition by AMD3100 is strictly confined to CXCR4. FEBS Lett. 
2002;527(1-3):255-62.

165.	 Tamamura H, Fujii N. The therapeutic potential of CXCR4 antagonists 
in the treatment of HIV infection, cancer metastasis and rheumatoid 
arthritis. Expert Opin Ther Targets. 2005;9(6):1267-82.

166.	Tamamura H, Fujisawa M, Hiramatsu K, Mizumoto M, Nakashima H, 
Yamamoto N, et al. Identification of a CXCR4 antagonist, a T140 analog, 
as an anti-rheumatoid arthritis agent. FEBS Lett. 2004;569(1-3):99-104.

167.	 Min SH, Wang Y, Gonsiorek W, Anilkumar G, Kozlowski J, Lundell D, et 
al. Pharmacological targeting reveals distinct roles for CXCR2/CXCR1 
and CCR2 in a mouse model of arthritis. Biochem Biophys Res Commun. 
2010;391(1):1080-6.

168.	Vergunst CE, Gerlag DM, Lopatinskaya L, Klareskog L, Smith MD, 
van den Bosch F, et al. Modulation of CCR2 in rheumatoid arthritis: a 
double-blind, randomized, placebo-controlled clinical trial. Arthritis 
Rheum. 2008;58(7):1931-9.

169.	Vergunst CE, Gerlag DM, von Moltke L, Karol M, Wyant T, Chi X, et al. 
MLN3897 plus methotrexate in patients with rheumatoid arthritis: safety, 
efficacy, pharmacokinetics, and pharmacodynamics of an oral CCR1 
antagonist in a phase IIa, double-blind, placebo-controlled, randomized, 
proof-of-concept study. Arthritis Rheum. 2009;60(12):3572-81.

170.	Pease JE, Horuk R. CCR1 antagonists in clinical development. Expert Opin 
Investig Drugs. 2005;14(7):785-96.

171.	 Gladue RP, Brown MF, Zwillich SH. CCR1 antagonists: what have we 
learned from clinical trials. Curr Top Med Chem. 2010;10(13):1268-77.

172.	 Gladue RP, Tylaska LA, Brissette WH, Lira PD, Kath JC, Poss CS, et 
al. CP-481,715, a potent and selective CCR1 antagonist with potential 
therapeutic implications for inflammatory diseases. J Biol Chem. 
2003;278(42):40473-80.

173.	 Gladue RP, Zwillich SH, Clucas AT, Brown MF. CCR1 antagonists for 
the treatment of autoimmune diseases. Curr Opin Investig Drugs. 
2004;5(5):499-504.

174.	 Gerlag DM, Hollis S, Layton M, Vencovsky J, Szekanecz Z, Braddock M, 
et al. Preclinical and clinical investigation of a CCR5 antagonist, AZD5672, 
in patients with rheumatoid arthritis receiving methotrexate. Arthritis 
Rheum. 2010;62(11):3154-60.

175.	 van Kuijk AW, Vergunst CE, Gerlag DM, Bresnihan B, Gomez-Reino JJ, 
Rouzier R, et al. CCR5 blockade in rheumatoid arthritis: a randomised, 
double-blind, placebo-controlled clinical trial. Ann Rheum Dis. 
2010;69(11):2013-6.

176.	Clucas AT, Shah A, Zhang YD, Chow VF, Gladue RP. Phase I evaluation of 
the safety, pharmacokinetics and pharmacodynamics of CP-481,715. Clin 
Pharmacokinet. 2007;46(9):757-66.

177.	 Zhao Q. Dual targeting of CCR2 and CCR5: therapeutic potential for 
immunologic and cardiovascular diseases. J Leukoc Biol. ???;88(1):41-55.

178.	 Amat M, Benjamim CF, Williams LM, Prats N, Terricabras E, Beleta J, et 
al. Pharmacological blockade of CCR1 ameliorates murine arthritis and 
alters cytokine networks in vivo. Br J Pharmacol. 2006;149(6):666-75.



366

S e p t e m b e r  2 0 1 1 ,  v o l .  6 9 ,  n o  9

Szekanecz et al. Chemokines and chemokine receptors in arthritis.

179.	Plater-Zyberk C, Hoogewerf AJ, Proudfoot AE, Power CA, Wells TN. Effect 
of a CC chemokine receptor antagonist on collagen induced arthritis in 
DBA/1 mice. Immunol Lett. 1997;57(1-3):117-20.

180.	Haringman JJ, Kraan MC, Smeets TJ, Zwinderman KH, Tak PP. Chemokine 
blockade and chronic inflammatory disease: proof of concept in patients 
with rheumatoid arthritis. Ann Rheum Dis. 2003;62(8):715-21.

181.	 Quinones MP, Estrada CA, Kalkonde Y, Ahuja SK, Kuziel WA, Mack M, et 
al. The complex role of the chemokine receptor CCR2 in collagen-induced 
arthritis: implications for therapeutic targeting of CCR2 in rheumatoid 
arthritis. J Mol Med. 2005;83(9):672-81.

182.	Bruhl H, Cihak J, Plachy J, Kunz-Schughart L, Niedermeier M, Denzel A, 
et al. Targeting of Gr-1+,CCR2+ monocytes in collagen-induced arthritis. 
Arthritis Rheum. 2007;56(9):2975-85.

183.	 Vierboom MP, Zavodny PJ, Chou CC, Tagat JR, Pugliese-Sivo C, Strizki 
J, et al. Inhibition of the development of collagen-induced arthritis in 
rhesus monkeys by a small molecular weight antagonist of CCR5. Arthritis 
Rheum. 2005;52(2):627-36.

184.	Meanwell NA, Kadow JF. Maraviroc, a chemokine CCR5 receptor 
antagonist for the treatment of HIV infection and AIDS. Curr Opin 
Investig Drugs. 2007;8(8):669-81.

185.	 Haringman JJ, Tak PP. Chemokine blockade: a new era in the treatment 
of rheumatoid arthritis? Arthritis Res Ther. 2004;6(3):93-7.

186.	Andras C, Ponyi A, Constantin T, Csiki Z, Szekanecz E, Szodoray P, et al. 
Dermatomyositis and polymyositis associated with malignancy: a 21-year 
retrospective study. J Rheumatol. 2008;35(3):438-44.

187.	 Schall TJ, Proudfoot AE. Overcoming hurdles in developing successful 
drugs targeting chemokine receptors. Nat Rev Immunol. 2011;11(5):355-63.

188.	Verzijl D, Storelli S, Scholten DJ, Bosch L, Reinhart TA, Streblow DN, 
et al. Noncompetitive antagonism and inverse agonism as mechanism 
of action of nonpeptidergic antagonists at primate and rodent CXCR3 
chemokine receptors. J Pharmacol Exp Ther. 2008;325(2):544-55.

189.	McQuibban GA, Butler GS, Gong JH, Bendall L, Power C, Clark-Lewis I, 
et al. Matrix metalloproteinase activity inactivates the CXC chemokine 
stromal cell-derived factor-1. J Biol Chem. 2001;276(47):43503-8.

190.	McQuibban GA, Gong JH, Wong JP, Wallace JL, Clark-Lewis I, Overall 
CM. Matrix metalloproteinase processing of monocyte chemoattractant 
proteins generates CC chemokine receptor antagonists with 
anti-inflammatory properties in vivo. Blood. 2002;100(4):1160-7.

191.	 Wei S, Kryczek I, Zou W. Regulatory T-cell compartmentalization and 
trafficking. Blood. 2006;108(2):426-31.

192.	Jiao Z, Wang W, Jia R, Li J, You H, Chen L, et al. Accumulation of 
FoxP3-expressing CD4+CD25+ T cells with distinct chemokine receptors 
in synovial fluid of patients with active rheumatoid arthritis. Scand J 
Rheumatol. 2007;36(6):428-33.

193.	 Dairaghi DJ, Zhang P, Wang Y, Seitz LC, Johnson DA, Miao S, et al. 
Pharmacokinetic and Pharmacodynamic Evaluation of the Novel CCR1 
Antagonist CCX354 in Healthy Human Subjects: Implications for 
Selection of Clinical Dose. Clin Pharmacol Ther. 2011;89(5):726-34.

Productinformatie EUCREAS 50 mg/850 mg, 50 mg/1000 mg tabletten
Samenstelling: Tabletten met 50 mg vildagliptine en met resp. 850 of 1000 mg metforminehydrochloride. Indicaties: 
Type 2-diabetes mellitus wanneer onvoldoende glykemische controle wordt verkregen met oraal metformine alleen 
met de maximaal verdraagbare dosis of voor patiënten die al behandeld worden met de combinatie vildagliptine en 
metformine. Dosering: Afhankelijk van de huidige dosis metformine, kan gestart worden met de tabletsterkte 
50 mg/850 mg of 50 mg/1000 mg tweemaal daags, één tablet ‘s ochtends en de andere ‘s avonds. De aanbevolen 
dagelijkse dosis is 100 mg vildagliptine plus 2000 mg metforminehydrochloride. Doseringen hoger dan 100 mg vildagliptine 
worden niet aanbevolen. Inname tijdens of onmiddellijk na de maaltijd kan de gastrointestinale symptomen geassocieerd 
met metformine verminderen. Nierfunctiestoornis: Mag niet worden gebruikt bij patiënten met een creatinineklaring 
< 60 ml/min. Leverfunctiestoornis: Mag niet worden gebruikt bij patiënten met een leverfunctiestoornis, waaronder patiënten 
met een alanineaminotransferase (ALT) of aspartaataminotransferase (AST) > 3x de bovengrens van de normaalwaarde 
(ULN) voorafgaand aan de behandeling. Niet aanbevolen bij kinderen en adolescenten (< 18 jaar). Contra-indicaties: 
Overgevoeligheid voor de werkzame bestanddelen of één van de hulpstoffen; diabetische ketoacidose of precoma 
diabeticum; nierfalen of nierfunctiestoornissen (creatinineklaring < 60 ml/min); acute aandoeningen die de nierfunctie 
kunnen aantasten; acute of chronische ziekten die weefselhypoxie kunnen veroorzaken; leverfunctiestoornissen; acute 
alcoholvergiftiging, alcoholisme; borstvoeding. Waarschuwingen/voorzorgsmaatregelen: Dient niet gebruikt te 
worden bij type 1-diabetes mellitus. Risico op melkzuuracidose en op hypoglykemie. Nierfunctiestoornissen: Regelmatige 
monitoring van de nierfunctie dient plaats te vinden. Extra voorzichtigheid is geboden in die gevallen waar de nierfunctie 
gestoord zou kunnen raken. Leverfunctiestoornissen: Patiënten met leverfunctiestoornissen, waaronder patiënten met 
ALT of AST > 3x ULN voorafgaand aan de behandeling, mogen niet met Eucreas behandeld worden. Leverenzymcontrole: 
Zeldzame gevallen van leverdisfunctie (waaronder hepatitis) zijn gemeld met vildagliptine. Leverfunctietests (LFTs) dienen 
uitgevoerd te worden voordat met de behandeling wordt gestart om de uitgangswaarde van de patiënt te bepalen. De 
leverfunctie moet gevolgd worden tijdens de behandeling, met een interval van drie maanden, gedurende het eerste 
jaar en periodiek daarna. Patiënten die geelzucht of andere tekenen die kunnen wijzen op leverdisfunctie ontwikkelen, 
dienen de behandeling met Eucreas te staken. Na het stoppen van de behandeling met Eucreas en LFT-normalisatie 
mag de behandeling met Eucreas niet herstart worden. Mag niet gebruikt worden tijdens zwangerschap en het geven 
van borstvoeding. Patiënten die last van duizeligheid hebben, dienen van autorijden of het bedienen van machines af te 
zien. Interacties: Vildagliptine geeft een lage kans op geneesmiddelinteracties. Geen klinisch relevante interacties met 
andere orale antidiabetica (pioglitazon, metformine en glyburide), digoxine, warfarine, amlodipine, ramipril, valsartan 
en simvastatine. Metformine: Interacties met kationische actieve bestanddelen die worden geëlimineerd door renale 
tubulaire secretie kunnen optreden. Gebruik van alcohol en van alcoholhoudende geneesmiddelen moet vermeden 
worden. Intravasculaire toediening van jodiumhoudende contrastmiddelen kan leiden tot nierfalen, resulterend in 
accumulatie van metformine en een risico op melkzuuracidose. Indien nodig moet de dosis van Eucreas worden aangepast 
indien gegeven in combinatie met glucocorticoïden, bèta-2-agonisten, diuretica en ACE-remmers. Bijwerkingen: 
Zeldzame gevallen van leverdysfunctie (waaronder hepatitis) en van angio-oedeem zijn gemeld met vildagliptine. In 
gecontroleerde monotherapieonderzoeken en add-on therapieonderzoeken zijn ALT- of AST-verhogingen > 3x ULN 
gemeld. Vildagliptine monotherapie: Vaak: duizeligheid. Soms: hypoglykemie, hoofdpijn, perifeer oedeem, constipatie, 
artralgie. Zeer zelden: infectie van de bovenste luchtwegen, nasofaryngitis. Metformine: Zeer vaak: misselijkheid, braken, 
diarree, buikpijn en verlies van eetlust. Vaak: metaalachtige smaak. Zeer zelden: daling van vitamine B12-absorptie en 
melkzuuracidose, huidreacties, zoals erytheem, pruritus, urticaria, abnormale leverfunctietest of hepatitis. Combinatie: 
Vaak: tremor, hoofdpijn, duizeligheid, misselijkheid, hypoglykemie. Soms: vermoeidheid. Frequentie niet bekend: urticaria, 
pancreatitis. A� everstatus: U.R. Verpakking en prijs: Zie Z-Index. Vergoeding: Volledig vergoed. Datering 
Samenvatting van de Productkenmerken: Januari 2011. Raadpleeg voor de volledige informatie de geregistreerde 
Samenvatting van de Productkenmerken. Te verkrijgen bij Novartis Pharma, Postbus 241, 6800 LZ Arnhem, 026-3782111, 
of via www.novartis.nl
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Productinformatie GALVUS 50 mg tabletten
Samenstelling: Tabletten met 50 mg vildagliptine.
Indicaties: Behandeling van type 2-diabetes mellitus als tweevoudige therapie in combinatie met:
-  metformine, bij patiënten met onvoldoende controle van de glucosespiegel ondanks de maximaal verdraagbare 
dosering van monotherapie met metformine,

-  een sulfonylureumderivaat, bij patiënten met onvoldoende controle van de glucosespiegel ondanks de maximaal 
verdraagbare dosering van een sulfonylureumderivaat en bij wie metformine niet geschikt is vanwege contra-indicaties 
of intolerantie,

-  een thiazolidinedione, bij patiënten met onvoldoende controle van de glucosespiegel en bij wie het gebruik van een 
thiazolidinedione geschikt is.

Dosering: Bij gebruik als tweevoudige combinatie met metformine of een thiazolidinedione is de aanbevolen 
dagdosering 100 mg vildagliptine, toegediend in twee doseringen (50 mg ’s morgens en 50 mg ’s avonds). Bij gebruik 
als tweevoudige combinatie met een sulfonylureumderivaat is de aanbevolen dosering 50 mg vildagliptine eenmaal 
daags die ’s morgens wordt ingenomen. Doseringen hoger dan 100  mg worden niet aanbevolen. Niet aanbevolen 
bij kinderen en adolescenten (<18 jaar). Contra-indicaties: Overgevoeligheid voor het werkzaam bestanddeel of 
voor één van de hulpstoffen. Waarschuwingen/voorzorgsmaatregelen: Galvus is geen vervanger van insuline 
en mag niet worden gebruikt bij patiënten met type 1-diabetes of voor de behandeling van diabetische ketoacidose. 
Niet aanbevolen bij patiënten met een matige tot ernstige nierfunctiestoornis of bij patiënten met eindstadium nierfalen 
(ESRD) die hemodialyse ondergaan. Zeldzame gevallen van leverdisfunctie (o.a. hepatitis) zijn gemeld. Galvus mag niet 
worden gebruikt bij patiënten met leverfunctiestoornissen. Leverfunctietesten dienen uitgevoerd te worden voordat de 
behandeling met Galvus wordt gestart om de uitgangswaarden van de patiënt te kunnen bepalen. De leverfunctie moet 
gevolgd worden tijdens de behandeling, met een interval van 3 maanden gedurende het eerste jaar en daarna periodiek. 
Bij patiënten die een verhoging van de transaminasespiegels ontwikkelen, dient onder medische controle een tweede 
leverfunctietest te worden uitgevoerd om het resultaat te bevestigen en de leverfunctie dient hierna regelmatig te worden 
getest totdat de afwijking(en) weer het normale niveau heeft (hebben) bereikt. Indien een aspartaataminotransferase 
(AST) of alanineaminotransferase (ALT)-verhoging van driemaal de bovengrens van de normaalwaarde (ULN) of hoger 
aanhoudt, wordt aanbevolen de behandeling met Galvus stop te zetten. Na het stoppen van de behandeling met Galvus 
en LFT-normalisatie mag de behandeling niet herstart worden. Galvus dient met voorzichtigheid te worden gebruikt bij 
patiënten met congestief hartfalen van de NYHA functionele klasse I-II. Gebruik bij patiënten met NYHA functionele 
klasse III-IV wordt ontraden. Controle op huidaandoeningen, zoals blaasvorming of ulceraties, wordt aanbevolen, in lijn 
met de standaard zorg voor diabetische patiënten. De tabletten bevatten lactose. Mag niet gebruikt worden tijdens 
zwangerschap en het geven van borstvoeding. Patiënten die last van duizeligheid hebben, dienen van autorijden of het 
bedienen van machines af te zien. Interacties: Het is onbekend of vildagliptine interacties vertoont met digoxine en 
warfarine in de doelgroep. De hypoglykemische werking van vildagliptine kan verminderd worden door bepaalde actieve 
bestanddelen waaronder thiaziden, corticosteroïden, schildkliermiddelen en sympathicomimetica. Bijwerkingen: 
Zeldzame gevallen van leverdisfunctie (waaronder hepatitis) zijn gemeld. Zeldzame gevallen van angioedeem zijn 
gemeld, maar een hoger percentage gevallen werd gemeld wanneer vildagliptine gecombineerd werd met een ACE 
remmer. Hypoglykemie kwam voor bij patiënten met tweevoudige therapie met metformine, een sulfonylureumderivaat 
of thiazolidinedione. In gecontroleerde monotherapieonderzoeken zijn ALT- of AST-verhogingen > 3x ULN gemeld. 
Bijwerkingen gemeld bij patiënten die behandeld werden met Galvus 100 mg per dag in combinatie met metformine: Vaak: 
hypoglykemie, tremor, hoofdpijn, duizeligheid en misselijkheid. Soms: vermoeidheid. Bijwerkingen gemeld bij patiënten die 
behandeld werden met Galvus 50 mg in combinatie met een sulfonylureumderivaat: Vaak: hypoglykemie, tremor, hoofdpijn, 
duizeligheid en asthenie. Soms: constipatie. Zeer zelden: nasofaryngitis. Bijwerkingen gemeld bij patiënten die behandeld 
werden met Galvus 100 mg per dag in combinatie met een thiazolidinedione: Vaak: gewichtstoename en perifeer oedeem. 
Soms: hypoglykemie, hoofdpijn en asthenie. Bijwerkingen gemeld bij patiënten die behandeld werden met Galvus 100 mg 
per dag als monotherapie: Vaak: duizeligheid. Soms: hypoglykemie, hoofdpijn, perifeer oedeem, constipatie en artralgie, 
Zeer zelden: ontsteking van de bovenste luchtwegen, nasofaryngitis. Frequentie niet bekend: urticaria, pancreatitis. 
Afleverstatus: U.R. Verpakking en prijs: Zie Z-Index. Vergoeding: Volledig vergoed. Datering Samenvatting 
van de Productkenmerken: Januari 2011. Raadpleeg voor de volledige informatie de geregistreerde Samenvatting 
van de Productkenmerken. Te verkrijgen bij Novartis Pharma, Postbus 241, 6800 LZ Arnhem, 026-3782111, of via www.
novartis.nl
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