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1. ABSTRACT 
 

The identification of a large cytokine sub-family 
responsible for the control of the directional migration of 
leukocytes over 20 years ago brought much excitement to 
the pharmaceutical industry with the promise of a new 
family of targets to treat inflammatory diseases. This 
family of small proteins, subsequently named chemokines, 
were  identified as acting on seven transmembrane 
spanning (7TM) G protein-coupled receptors – one of the 
most druggable classes of receptors in the pharmaceutical 
industry. The interest in chemokines and their receptors as 
therapeutic targets subsequently evolved beyond 
inflammation to include cancer and infectious disease such 
as AIDS, as chemokine biology progressed to demonstrate 
their role in these processes. The first inhibitors entered the 
clinic some 7 years ago. However progress and success has 
not been as rapid as hoped for: both in the identification of 
candidate molecules as well as their efficacy in the clinic. 
We will address the chemokine system as drug targets, 
issues involved in the development of therapeutic 
candidates and attempt to address the pitfalls and potential 
routes to success. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. INTRODUCTION  
 

The chemokine system consists of a large number 
of ligands and receptors, which have been covered 
extensively in several excellent reviews (1-3). The feature 
that separates chemokines from other cytokines is that they 
act on seven transmembrane spanning (7TM) G protein-
coupled receptors. Whilst they interact with their receptors 
with high affinity, they also interact with low affinity to 
cell surface glycosaminoglycans (GAGs) to enable their 
immobilization on the endothelium. There are over 40 
ligands identified to date in the human system, and 19 
receptors. Both the ligands and receptors have been 
classified according to the first two cysteines in the 
canonical four cysteine motif possessed by the majority of 
chemokines, which creates a fold shared by all chemokines 
through 2 disulfides, although as with all rules, there are 
exceptions.  The α or CXC class have a single amino acid 
between the amino terminal cysteines, of which there are 
16, whereas 28 have the first two cysteines which are 
adjacent, giving rise to the βor CC class. A single 
chemokine, CX3CL1 or fractalkine/neurotactin, has 3 
amino acids spacing the amino terminal residues, , whereas 
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Figure 1. Chemokine receptor expression on the major leukocyte subsets.. 
 

two other chemokines only have a single disulfide. The 
receptors are also classified according to the ligands that 
they bind, and promiscuity is rife in the chemokine system, 
since several ligands bind to more than one receptor, and 
few receptors bind a single ligand. However chemokine 
biology has identified another delineating, although again 
not rigid classification, that of the ligand-receptor pairs 
involved in basal trafficking and homing, and those which 
are inducible, and therefore considered as inflammatory. 
Initially the ligands were named according to their activity 
initially described, but due to the concomitant identification 
of ligands by different laboratories resulting in several 
names for the same ligand, a systemic nomenclature was 
introduced in 2000 (4). Lastly the systemic nomenclature, 
based on the chromosomal location was only intended for 
the human system, but unfortunately it has also been 
misused for murine chemokines, even by editors of journals 
who require that the systemic nomenclature is used for the 
murine ligands!  

 
The initial hope more about 15 years ago was that 

there would be a single receptor on each leukocyte type, 
allowing targeting acute inflammatory processes though the 
receptor on the neutrophil, asthma though the eosinophil 
receptor, arthritis through the monocyte/macrophage 
receptor and so on. However as shown in Figure 1, most 

leukocytes express multiple receptors. Therefore, as 
discussed below, target validation is the first task in the 
drug discovery process. 
 
3. TARGET VALIDATION 
 

In order to identify the relevant target for a drug 
discovery program, it is essential to delineate which 
ligands/receptors are important in the disease of interest.  
This may be achieved by several methods, outlined below, 
and summarized in Figure 2. 
 
3.1. Expression of protein target in the disease 

This may be measured directly at the protein 
level by immunohistochemistry or ELISA techniques, or 
indirectly by measuring the mRNA that translates to the 
protein in question.  Immunohistochemistry on lesions in 
autopsy samples taken from brains of multiple sclerosis 
(MS) patients has identified the inflammatory chemokines 
CCL5/RANTES, CCL2/MCP-1, CXCL10/IP-10 and 
CXCL9/Mig as being upregulated (5,6). This implies that 
these chemokines and their receptors, CCR1 and CCR5, 
CCR2 and CXCR3, play a role in either the development or 
the resolution of the disease process. Elevated levels of 
chemokines such as CCL5/RANTES and CCL11/eotaxin 
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Figure 2. Association of diseases with chemokine reeptors. The association of receptors with disease has been largely drawn 
from investigation in animal models of the diseases, using genetically modified animals, or blockade of either the receptors or the 
ligands. 

 
have been found in the bronchiolar lavage (BAL) of 
patients with allergic rhinitis and asthma (7,9).  Four 
unusual CC chemokines in that they have an extra 
disulfide, CCL6, CCL9, CCL15 and CCL23, and which 
were described as low affinity CCR1 ligands, are found at 
elevated levels in synovial fluid of rheumatoid arthritis 
patients as truncated proteins which are 1000 fold more 
potent on CCR1 (10).  
 
3.2. Neutralizing antibodies  

Neutralization of CCL3/MIP-1α and 
CCL2/MCP-1 allowed the delinearization of these two 
chemokines, and by deduction their receptors, in the course 
of relapsing remitting Experimental Autoimmune 
Encephalomyelitis (EAE), the rodent model for MS (11). 
This study demonstrated that MIP-1α was implicated in the 
onset of the disease, whilst MCP-1 played a key role in the 
relapses. The use of antibodies against different 
chemokines, along with a receptor antagonist, Met-
RANTES that neutralizes several receptors, demonstrated a 
hierarchy of chemokine usage in the ovalbumin-induced 
lung inflammation model, the murine model of asthma 
(12). Neutralization of CXCR3 prevented the rejection of 
cardiac transplants, showing the same phenotype as the 
CXCR3-/- mice – an excellent example of two approaches 

arriving at the same conclusion (13). However animal 
models can be misleading as was unfortunately 
demonstrated in EAE models where neutralizing IFNγ 
exacerbated disease (14) but in man administration of 
recombinant IFNγ also worsened the disease (15) and 
TNFα blockade in EAE reduced clinical score (16) but in 
humans anti-TNF treatment actually exacerbated disease 
(17) 
 
3.3. Genetic targeting of chemokine/chemokine 
receptors 

Mice deficient in the ligand or receptor in 
question have proved to be an excellent approach to study 
the function of specific chemokine ligand-receptor 
interactions in vivo, particularly in models of inflammatory 
and infectious disease.  Knockout of CCR1, CCR2 and JE 
(murine MCP-1), support their potential as targets for 
therapeutic intervention in MS (18-21). The unequivocal 
role of CCL2/MCP-1 and CCR2 in the pathogenesis of 
atherosclerosis was demonstrated using knockout mice 
(22,23). Recently, a chemokine believed to be involved in 
homeostasis, CXCL13, was demonstrated to be implicated 
in the development of EAE, contradicting the belief that 
only pro-inflammatory chemokines were involve in 
inflammatory diseases (24). 
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However these approaches are not always 
successful. Eosinophils are often the predominant 
inflammatory cell population present in allergic diseases.  
CCL11/eotaxin was first identified as an eosinophil specific 
chemoattractant in a guinea pig model of allergic asthma 
(25) and the unique functional receptor for CCL11/eotaxin, 
CCR3, is expressed at high density on both eosinophils and 
basophils.  Whilst CCR3 and its ligand eotaxin were found 
to be highly expressed in the bronchial biopsies and lavages 
of asthmatics (26), and serum eotaxin levels have been 
demonstrated to be a marker of disease severity in patients 
(27) the mice in which these genes were deleted did not 
express the phenotype that had been predicted, i.e. a 
resistance to experimental allergic asthma.  The true 
contribution that eosinophils make to disease progression 
is, however, still constantly debated (28,29) and in this 
case, the initial optimism of finding ‘the receptor’ to 
control allergy, which was present in the mid 1990s has 
now disappeared as a much more complex picture of 
chemokine involvement in this disease has emerged. 
However, a CCR3 ligand, eotaxin-3, has recently been 
shown to be implicated in a specific allergic condition, 
eosinophilic oesophagitis,suggesting targeting CCR3 for 
this indication (30). However a flaw in this approach is the 
difference between the murine and human immune 
systems. An example is the function of CCR1 between the 
two systems – in humans CCR1 principally mediates 
monocyte recruitment whereas in the mouse CCR1 and its 
ligands recruit neutrophils. 

 
3.4. Use of receptor antagonists in disease models.  

The most widely used receptor antagonists have 
been chemokines with modified amino termini. 
Chemokines are believed to interact with their receptors in 
two phases – the first involves interaction with the 
extracellular loops of the receptor, and the second is 
believed to be an interaction of the amino terminal region 
deeper in the receptor, probably in the transmembrane 
spanning helices which triggers receptor activation and the 
ensuing signal transduction cascades. Thus chemokines 
which are modified to retain high affinity binding but 
which cannot induce signal transduction, will act as 
antagonists. The majority of such antagonists have been 
created by N-terminal truncation (31,32) but there are also 
examples of N-terminal extension (33,34). These variants 
have been used extensively in animal models of disease 
demonstrating that blockade of chemokine receptors was an 
effective anti-inflammatory strategy.   
 
3.5. Target validation in clinical trials.  

The best validation will obviously come from 
testing in humans. So far the results are disappointing, as 
will be addressed in the remainder of this review, although 
conclusions from the first trials targeting such a complex 
system should be drawn with care, as multiple factors could 
be involved. However the patient selection is critical in this 
analysis, very well illustrated by the fact that HER-2 is only 
upregulated in 25% of women with breast cancer, so had 
Herceptin been tested in patients who were not over 
expressers we would have a failed clinical trial for 
Herregulin, which is clearly an effective drug in treating 
this disease.   

3.6. Lessons from evolution.  
Pathogens such as viruses or parasites that 

require evasion of the immune system have evolved many 
mechanisms to avoid the host’s immune response – 
including that of interference with the chemokine system. 
This certainly enforces that the chemokine system is a well 
validated target! For the readers interested in the viral 
mechanism of chemokine antagonism, comprehensive 
reviews are recommended (35,36). Eukaryotic chemokine 
binding proteins have only recently been described, 
although evidence for their existence has been reported a 
few years ago (37,38). The first to be molecularly identified 
was from the parasite S. mansoni (39), but a new family 
has been recently identified from thick salivary glands (40) 
 
4. STRATEGIES 
 

A major difference between the chemokine 
family and other cytokines is that the ligand-receptor 
interaction for cytokines has proven to be almost 
impossible to block with small molecule inhibitors, whilst 
this is not the case for chemokines. The reason for this is 
simple – chemokines are the only members of the cytokine 
family that interact with 7TM receptors. This class of 
receptors is one of the cornerstones of the pharmaceutical 
industry as more than half of marketed drugs target these 
receptors which provide small binding sites amenable to 
blockade with small molecules. Cytokines on the other 
hand have large surface areas involved in their ligand-
receptor interaction, which is well exemplified by IL-1 
where 7 amino acids equally contribute to the interaction 
with the receptor, covering a large surface area, rendering 
the blockade almost impossible by a small molecule with a 
mass < 600 Da, a requirement for orally available 
medicines. 

 
As mentioned above, chemokines are thought to 

interact with their receptors in two steps. Although the first 
interaction, that of the body of the chemokine with the 
extracellular loops may pose a similar problem as that of 
cytokines, the second interaction can be considered as 
amenable to blockade with small molecules. In this respect 
chemokines differ from other 7TM ligands, which are often 
small molecules such as serotonin and histamine which can be 
screened against for competitive inhibitors of the ligand 
binding site. Chemokines are in fact rather large 7TM ligands, 
despite the fact that they are small proteins, generally around 8 
kDa. 

 
Thus the chemokine system lends itself to both the 

pharmaceutical and biotechnology sectors where in the former 
the receptors provide targets for high throughput screening 
campaigns and in the latter, to approaches such as neutralizing 
antibodies against either the receptor or the ligand. The former 
approach has been that which has been most widely adopted in 
the search for drug candidates. The rationale for this approach 
is certainly sound, but was perhaps colored by the belief that 
the development of neutralizing monoclonal antibodies, by no 
means a trivial task, may simply have served as proof of 
concept in the clinic for the orally available small molecules 
that would shortly follow. In hindsight this strategy may not 
have been the wisest of choices in view of the difficulty of 
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identifying small molecules, as discussed below, and several 
monoclonal antibodies against both receptors and ligands, are 
in development, and have entered clinical trials. 

 
However these two approaches are certainly not 

exhaustive. Modified chemokines as pure receptor antagonists 
have been considered, but to our knowledge, are not currently 
in development. A combination of the relevance of the two 
essential interactions of chemokines required for their activity 
in vivo, the interaction with the receptor, as well as the low 
affinity interaction with GAGs is being developed as a 
therapeutic approach (41). Selected chemokines are being 
screened first for mutations which abolish receptor activation 
and then for mutations which will increase their avidity for 
GAGs, whereby they will prevent the active chemokine from 
forming the chemotactic gradient on the endothelial surface. 

 
Another approach is to identify natural binding 

proteins that negate the ligand. There are several examples 
of such proteins for the cytokine family in humans where 
the body appears to upregulate these proteins in response to 
the over-production of the inflammatory molecules, 
presumably in a disease situation. These include the 
cytokine binding proteins TNBP, the soluble TNF receptor, 
IFNAR and IL-18BP – the first example is in fact a highly 
successful bio-therapeutic on the market today – ENBREL, 
a soluble TNF receptor fusion protein. To date no such 
binding proteins for chemokines have been identified in 
humans. However parasites, in particular viruses, appear to 
have understood the importance of the chemokine system 
in regulating the immune response, since several 
chemokine binding proteins have been characterized. Two 
of these are currently in pre-clinical development, T1 and 
T7, isolated from the myxoma pox virus. 

 
All members of the cytokine family require 

signal transduction pathways, which provide points of 
potential intervention for pharmaceutical therapeutics. To 
date the most sought after target in the chemokine field is 
PI3Kγ, which was originally shown to be required for 
cellular recruitment in gene deleted mice (42). Several 
companies are actively pursuing this target as demonstrated 
by the number of published patents. The concept of 
inhibiting his enzyme has been demonstrated in two disease 
models, collagen induced arthritis (43)  and systemic lupus 
(44). 

 
5. MAJOR HURDLES 
 

One of the major hurdles in drug development is 
identifying a potent drug that targets the human protein of 
interest but that does not recognize the equivalent protein in 
rodents or worse still in any other species.  This problem 
has in particular bedevilled the field of GPCR therapeutics 
and the landscape is littered with examples of these 
development problems. Drug substances that are limited in 
specificity to human target proteins can be problematic 
during drug development since they are difficult to test in 
surrogate animal efficacy models and without such data it 
can become very difficult to justify further development of 
the drug, given the considerable risks and costs involved.  
Even more problematic is that no measure of target induced 

safety problems can be measured.  Many a project has been 
stalled or delayed because of these types of problems.  

 
A prime example of such a problem was 

highlighted in the development of the CCR5 antagonists. 
With the discovery of CCR5 as an essential co-receptor for 
HIV infectivity over 10 years ago, many pharmaceutical 
companies engaged in such programs but not one company 
has ever identified an antagonist that could block rodent 
CCR5 receptors, and even worse, many of these antagonists 
did not cross-react with CCR5 receptors from non-human 
primates, despite their extremely high similarity with 
human CCR5. In the case of the first CCR1 antagonist 
BX471, the situation was less severe because BX 471, a 
potent inhibitor of human CCR1 (I nM) was able to block 
rodent CCR1, albeit with weaker affinity, with Ki values 
for inhibition of CCL3 binding to rat and mouse CCR1 of 
121 nM and 215 nM respectively (45,46)   This poor 
affinity of potent small molecule inhibitors of human 
chemokine receptors for non-human chemokine receptors 
has represented one of the more challenging problems in 
drug development and numerous examples abound in the 
literature. For example, the quinoxaline CCR1 antagonist 
CP-481,715 from Pfizer that has good activity for the 
human receptor (IC50 for displacement of 125I-CCL3 
binding = 74 nM and KD for displacement of  3H- CP-
481,715 binding = 9.2.  nM) does not inhibit the binding of 
CCR1 ligands to mouse, rat, guinea pig, dog, rabbit or 
monkey CCR1 receptors (47).  However, a solution to 
circumvent the species cross-reactivity problem is the 
creation of mice expressing the human receptor, which was 
the approach adopted by Pfizer.  

 
At present, the basis of antagonist selectivity is 

not well understood at the molecular level. However, we 
should remember that the difference between high affinity 
(1nM) and low affinity (1µM) is only a few kilocalories in 
free energy terms - a little less than the energy gained from 
breaking a hydrogen bond.  Thus, it is obvious that even 
very small changes in the receptor binding pocket for an 
antagonist could impart sufficient differences to totally 
prevent it from binding. Recent efforts at molecular 
modeling coupled with receptor mutagenesis may shed 
some light upon this and facilitate the rational design of 
antagonists (48,49) 

 
6. CLINICAL SUCCESSES – AND FAILURES 
 

Recently the CCR5 antagonist maraviroc, 
marketed by Pfizer for the treatment of AIDS, was granted 
approval by the FDA.  This represents the first example of 
a chemokine receptor antagonist successfully realizing its 
potential as a therapeutic.  In addition the CXCR4 
antagonist Plerixaflor (MozobilTM, AMD3100) was 
recently granted FDA approval for mobilizing 
haematopoietic stem cells to the peripheral blood for 
collection and subsequent autologous transplantation in 
patients with non-Hodgkin's lymphoma and multiple 
myeloma. The drug is currently used in combination with 
granulocyte-colony stimulating factor (G-CSF). Today 
there are a large number of molecules in various stage of 
development ranging from pre-clincal to Phase I, II and III, 
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Figure 3.  Structures of some chemokine receptor antagonists that have failed in clinical trials.  CP-481,715 and BX 471 are 
specific CCR1 antagonists from Pfizer and Schering AG, and both failed to show exhibit efficacy for rheumatoid arthritis and 
multiple sclerosis, respectively in Phase II. T487 is a specific CXCR3 antagonist from Amgen/Turalik which failed in Phase IIa 
psoriasis clinical trials due to lack of efficacy.  

 
but it is beyond the scope of this review to discuss them in 
detail, and we will discuss a representative selection.  

 
In contrast to the positive experience of 

maraviroc, clinical trials of chemokine receptor antagonists 
for autoimmune diseases have so far been disappointingly 
unsuccessful.  Several trials with small molecule 
antagonists have been reported (50)  as well as trials with 
neutralizing antibodies. The Pfizer CCR1 antagonist CP-
481,715 entered Phase II trials in February 2004. Data 
suggested that it did not exhibit efficacy in patients with 
rheumatoid arthritis after 6 weeks of treatment based on 
any sign of efficacy and the clinical trial was therefore 
terminated.  The Berlex/Schering AG oral CCR1 antagonist 
BX 471 entered phase II clinical trials for multiple sclerosis 
in early 2004. The antagonist was administered orally to 
105 patients with relapsing/remitting MS in a 16-week, 
randomized, double-blind, placebo-controlled trial. The 
primary endpoint was the cumulative number of newly 
active lesions on serial Magnetic Resonance Imaging 
(MRI) scans. Although the drug was well tolerated and 
showed no safety concerns its development was stopped 
after the clinical Phase II study failed to show a reduction 
in the number of new inflammatory CNS lesions detected 
by MRI (51).   A CXCR3 antagonist from Amgen recently 
entered a Phase II trial for psoriasis but again the inhibitor 
unfortunately failed to demonstrate any signs of efficacy 
and the trial was terminated. Figure 3 shows the structures 
of these development candidates. 

An anti-IL-8 antibody, ABX-IL8, has been tested 
in three indications, psoriasis, chronic obstructive 
pulmonary disease (COPD) and  metastatic melanoma, but 
development was discontinued due to lack off efficacy. 
Although differences in breathing as assessed by the 
transition dyspnea index in the antibody treated group were 
greater than the placebo group in the COPD trial, there 
were no significant differences observed for lung function 
(52). It could be hypothesized that the reason for lack of 
efficacy of this antibody was that it does not recognize 
bound IL-8 (53) since immobilized chemokine on the 
endothelium is the active form in vivo. Development of 
another monoclonal, ABN912, targeting a ligand, MCP-1, 
has also been discontinued following insufficient clinical 
benefit in a trial on rheumatoid arthritis patients – this 
antibody resulted in an unexpected dose-related increase up 
to 2,000 fold in levels of free and bound MCP-1 (54). 
However, an anti-receptor antibody, MLN1012, is currently 
in Phase II trials for multiple sclerosis. 

 
The reason for the clinical failures of the small 

molecule trials is not immediately obvious since only in the 
case of the Schering CCR1 inhibitor have any details of the 
clinical trials been reported. What is apparent, however, is 
that the discovery process for these three development 
candidates was similar.  For example, all were low nM 
antagonists discovered through high throughput 
competition binding assays and the antagonists were able to 
inhibit receptor function monitored either by GTPγS, 
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calcium flux assays and chemotaxis (45,47). The 
complexity of autoimmune diseases, however, cannot be 
simulated with any known in vitro assays with successful 
outcomes. Chemotaxis although an important component of 
these diseases and an indicator of the ability of these 
compounds to inhibit migration of PBMCs (from patients 
or healthy individuals) towards a specific chemokine, 
certainly cannot predict the activity of these compounds in 
vivo.  In contrast the successful chemokine antagonist 
maraviroc had the advantage that it blocked viral entry and 
this certainly is directly applicable to the clinical disease 
AIDS. 

 
The reason for the failure of the Schering CCR1 

clinical trial is not obvious. It was determined that the drug 
was present in sufficient quantity to fully inhibit the clinical 
biomarker CD11b ruling out the reason for failure of this 
trial due to the bioavailability of the molecule itself.  Could 
failure therefore be related to the role of the receptor CCR1 
in the pathogenesis of the disease targeted?  The 
heterogeneity of autoimmune diseases such as rheumatoid 
arthritis and multiple sclerosis coupled with the 
promiscuity of chemokines and their receptors, could 
therefore play some role in the failure of these therapeutic 
approaches.  From animal models as well as human disease 
expression data, it has been shown that CCR1, CCR2, 
CCR5 and CXCR3 are all implicated in the 
pathophysiology of multiple sclerosis.  Thus depending on 
the expression and activation of these receptors in the 
disease, inhibition of a single receptor may not be sufficient 
to show efficacy.   

 
As we have discussed above the regulation and 

expression of these receptors can be influenced by a variety 
of factors and since specific biomarkers to predict the stage 
of the disease and receptor expression during disease 
progression are not available it might be more effective to 
target multiple chemokine receptors to obtain efficacy. The 
question can be addressed from an evolutionary point of 
view – as discussed above viruses have developed 
chemokine binding proteins with broad specificity in that 
they inhibit a wide range of chemokines. A recent report 
demonstrates the effectiveness of targeting multiple 
chemokines/ receptors (55). In this study, a model of 
intimal hyperplasia in response to femoral arterial injury 
was examined in transgenic mice that were induced to 
express M3, a herpesvirus protein that binds and inhibits 
multiple chemokines of all classes.  Induction of M3 
expression resulted in a 67% reduction in intimal area and a 
68% reduction in intimal/medial ratio after femoral artery 
injury. In contrast, to these data, targeted deletion of CCL2 
alone resulted in only a 29% reduction in intimal 
hyperplasia (56) suggesting that multiple chemokines and 
receptors are involved in the pathophysiology.  Consistent 
with these results, in a mouse dextran sodium sulfate (DSS) 
model of colitis TAK-779, a dual antagonist of CC 
chemokine receptors CCR2 and CCR5, which also inhibits 
CXCR3, inhibited the recruitment of monocytes/ 
macrophages into the colonic mucosa and delayed the onset 
disease (57). 

It follows from the discussion above that the 
design of promiscuous chemokine receptor antagonists that 

target several receptors could be quite advantageous in a 
number of situations, for example, joint CXCR4 and CCR5 
inhibitors would be advantageous over a single receptor 
inhibitor, by circumventing viral escape mutants (58), and 
therefore more useful therapeutically as fusion inhibitors to 
treat AIDS patients. Whether such an approach is feasible 
obviously depends on the similarity of the binding pockets 
of the receptors of interest.  A positive example of this type 
of approach is provided by dual antagonists of the 
angiotensin II receptor AT1 and the endothelin receptor 
ETA, which should be of greater benefit in the treatment of 
pulmonary hypertension, congestive heart failure and 
arteriosclerosis. Although the overall sequence identity of 
AT1 and ETA is low, only 19%, it has proven to be 
possible to design antagonists that bind both receptors with 
high affinity in the low nM range (59). 

 
In line with this idea, targeting multiple 

chemokine receptors with one drug is certainly feasible.  
We already know that small molecule drugs can target 
CCR1 and CCR3 and several classes of drugs can target 
both CCR2 and CCR5.  From this simple analysis it really 
is only a simple step away from designing small molecules 
that can target more than one chemokine receptor either by 
standard high throughput screening or even through drug 
design approaches (60).  It is standard practice in the 
pharmaceutical industry that during the screening of a 
biological targets we often find drugs that hit more than one 
target, the tendency in the past has been for the medicinal 
chemist to design away from this to identify a compound 
that only hits one specific target.  Perhaps it is now time to 
reconsider this approach in favor of new paradigms. as 
Brian Roth put it: “go for a magic shotgun approach rather 
than a magic bullet” (61).  In closing, we should consider a 
successful example of this approach, the drug Olanzapine 
which targets 14 different GPCRs and was one of the most 
successful blockbuster drugs in its class (62). 
 
7. PROSPECTS FOR THE FUTURE 
 

The heterogeneity of autoimmune diseases could 
be one of the root causes for the failure of many of the 
current therapeutic approaches that are aimed at treating 
them.  The success of any drug as a potential therapeutic 
will thus in the end depend on being able to develop 
clinical markers that more accurately delineate these 
different subtypes of disease.  Failure to do so will lead not 
only to poorly designed clinical trials in which potentially 
useful therapeutic approaches fail, but also to a continuing 
major unmet medical need.  In addition, to this the 
pharmaceutical industry as a whole will also need to invest 
heavily in studies aimed at obtaining a more complete 
understanding of how the chosen drug target is involved in 
mediating disease in the animal models that are used to 
gauge the efficacy of the drug and how this correlates to the 
human disease that the drug is supposed to treat.  Careful 
attention to these points are not only important if 
chemokine receptor antagonists are ever to reach their 
potential as marketed drugs but also for the future of drug 
discovery as a whole.  To this end, different approaches in 
this area of research including promiscuous antagonists that 
target more than one receptor may be needed if we are to 
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see chemokine receptor antagonists become the valuable 
new therapeutics that they were initially promised to be.  
However, we should not exclude that for reasons that are 
not yet apparent, chemical entities that block a single 
receptor may be efficacious, the evidence of which will 
become apparent as more clinical trials are conducted. 
Finally, chemokine receptors may have their place in 
diseases in which a single receptor plays a predominant 
role, such as CCR9 which targets T cells to the intestine – 
the ongoing trials conducted by ChemoCentryx /GSK will 
answer this question. 
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