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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 U C 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 

r e V i e W

Chemokine and chemokine receptor blockade 
in arthritis, a prototype of immune-mediated 

inflammatory diseases

Z. Szekanecz1*, A.E. Koch2,3, P.P. Tak4

1Department of Rheumatology, Institute of Medicine, University of Debrecen Medical and Health 
Sciences Center, Debrecen, H-4004, Hungary; 2Veterans’ Administration, Ann Arbor Healthcare 
System, Ann Arbor, MI, USA, and 3University of Michigan Health System, Department of Internal 
Medicine, Division of Rheumatology, Ann Arbor, MI, USA;4Division of Clinical Immunology and 

Rheumatology, Academic Medical Center, University of Amsterdam, Amsterdam, the Netherlands, 
*corresponding author: tel. +36 52-255091, fax: +36 52-414489, 

e-mail: szekanecz.zoltan@med.unideb.hu



357

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.

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  C H e M o K i n e s  a n d 
C H 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 
anti rheumatic 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, 



360

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.

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 

s U M M 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.
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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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