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Abstract

Rheumatoid arthritis (RA) is characterized by synovial inflammation mediated by T-cells,
monocytes and macrophages. The homing of these cells to the inflamed synovium is regulated by
chemokine-receptors and their ligands. A 32-basepair deletion (432) in the gene encoding CCRS5,
a chemokine-receptor, results in a non-functional receptor. A negative association between CCR5-
432 and RA has been described, although other studies found no associations. Furthermore, the
observation that individuals homozygous for CCR5-432 develop RA has raised questions about
the role of CCR5-432. This meta-analysis of all published case-control association studies
confirms the negative association between CCR5-432 and RA (Odds Ratio = 0.65; 95 %
confidence intervals = 0.55 - 0.77; p < 0.0001), suggesting that CCR5-432 is protective against the
development of RA. CCR5 blockade in animal models of RA results in amelioration of arthritis,
suggesting that CCR5 blockade could also modify disease in patients with RA.
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Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory arthritis with a prevalence of ~1 % in
the United States. While genetic associations between RA and variants of the human
leukocyte antigens (HLA) are well established, these only account for part of the genetic
susceptibility to RA, suggesting variation in non-HLA genes might play important roles in
the susceptibility to RAL. Association and linkage studies have successfully identified
several non-HLA variants associated with RA. Case-control association studies face several
limitations, including poor choice of candidate genes and subjects, population stratification,
and lack of power due to inadequate number of subjects. These limitations can result in
spurious associations and/or lack of replication?. One way to overcome these challenges is
to ensure that studies have adequate sample sizes and by selecting candidate genes with a
compelling role in the pathogenesis of the phenotype being examined.

RA is characterized by the expansion of inflamed synovial tissue, which demonstrates
prominent infiltrates of T-cells, plasma cells, and macrophages. A complex network of
chemokines and adhesion molecules coordinates the recruitment of leukocytes to sites of
inflammation. CCR5 is a chemokine receptor involved in the migration of immune cells to
the inflamed RA synovium34. CCR5 is preferentially expressed on the surfaces of T-cells,
monocytes and macrophages and its ligands include the proinflammatory chemokines
RANTES, macrophage inflammatory proteins (MIP)-1a and MIP-1p.
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Synovial T-cells from patients with active RA express high levels of CCR5 >/, In addition,
RA synovial fluid also contains high levels of the CCR5 ligands MIP-1o. and RANTESS:°,
These observations suggest that CCR5 is involved in the recruitment of inflammatory cells
into the inflamed synovial tissue in RA. This led to the hypothesis that alterations in the
expression of CCR5 would influence the susceptibility to, and/or the phenotype of, RA. A
32-basepair deletion in the open reading frame of the gene encoding CCR5 (CCR5-432)
results in a truncated protein which cannot be detected at the cell surfacel0. It is plausible
that this loss of function mutation, which has an allele frequency of ~10 % in some
European populations 11, could have a protective effect against RA.

To date, five case-control association studies of RA and CCR5-432 in populations of
European ancestry have been published'2-16, Two of them demonstrated statistically
significant negative associations between CCR5-432 and RA13:14, Three other studies did
not demonstrate statistically significant associations but suggested a negative association. It
has been reported that individuals heterozygous for CCR5-432 have a milder phenotype of
diseasel21>, However, others have concluded that the presence of CCR5-432 does not
influence the phenotype of RA3:17, Counter to the proposed role of CCR5 in RA are
observations of individual RA patients who are homozygous for CCR5-4321619, |n
addition, one study showed no difference in the predominance of CCR5-positive cells in the
synovial fluid between patients with RA that are homozygous for the wild type CCR5 allele
and those heterozygous for CCR5-43219. Together, these observations raise questions about
the influence of CCR5-432 on the pathogenesis and the phenotype of RA.

The objective of the present study was to perform a meta-analysis of the published studies in
order to: 1) increase statistical power, 2) determine if the associations described in some
studies could be replicated, and 3) quantify the genetic risk of CCR5-432. All five published
case-control association studies of RA and CCR5-432 in populations of European ancestry
were included. An association study of Mexican Amerindian patients with RA and a study
that included cases that did not fulfill criteria for a diagnosis of RA were excluded, as
detailed in methods (See legend to table 1)17:20,

Results and discussion

Genotype and allele frequency data were available on a total of 4507 individuals (1790 RA
cases and 2717 controls). Cases and controls were individuals of European ancestry from
Spain, Denmark, New Zealand and England. The frequency of the CCR5-432 allele ranged
from 5 % to 10 % among patients with RA, with a mean frequency of 6 % (Table 1). Among
the controls, the frequency of CCR5-432 allele was higher, ranging from 7 % to 14 %, with
a mean frequency of 10 %. Odds ratios (OR) from these five studies were all less than one,
ranging from 0.33 to 0.81, although some of the 95 % confidence intervals (Cl) overlapped
1.0 and were not statistically significant (Figure 1). The pooled OR was 0.65, (95 % CI: 0.55
to 0.77; p <0.0001), demonstrating a highly significant negative association between RA and
CCR5-432 in populations of European ancestry. The non-significant p value (p > 0.34) for
the Breslow-Day test indicated no heterogeneity in the studies, suggesting that data from
these studies could be pooled with confidence.

These five studies were also analyzed for associations of different CCR5 genotypes with RA
(Table 2). The pooled OR for the comparison of the frequency of wild-type CCR5
homozygotes to the frequency of CCR5-432 heterozygotes was 0.70 (95 % CI: 0.59 to 0.83;
p = 0.0001). The Breslow-Day test was not statistically significant (p = 0.35). When the data
were analyzed by comparing the frequency of wild-type CCR5 homozygotes to the
frequency of CCR5-432 homozygotes, the pooled OR was much lower, with an OR (95%
Cl) of 0.16 (0.05 to 0.48; p = 0.0008). The Breslow-Day test was not statistically significant
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(p = 0.08). It should be noted, however, that there were only 4 individuals with RA that were
homozygous for CCR5-432, and the individual OR could not be calculated for three studies.
Nevertheless, the proportion of cases with the CCR5-432/CCR5-432 genotype was about a
fifth that of controls. The fact that CCR5-432 homozygosity confers a much greater
protective effect than does CCR5-432 heterozygosity suggests a gene dosage effect.

In addition to confirming that large sample sizes are required for detecting variants with
modest associations with a phenotype, the findings from this meta-analysis have several
implications. First, these results strongly demonstrate that the CCR5-432 allele confers
protection against RA in individuals of European ancestry. While this could be due to the
role played by CCRS5 in directing T-cells to the inflamed RA synovium, it is conceivable
that CCR5 might play other roles. For instance it has been shown that RANTES-CCR5
signaling serves as an important regulator of cell survival and growth in astrocytes?!. The
protection conferred by CCR5-432 against the development of RA, however, does not seem
to be absolute, as demonstrated by the small numbers of individuals with RA who are
homozygous for CCR5-432. The chemokine system is redundant, and it is likely that other
receptors and pathways play a role in the development of RA in these individuals.
Furthermore, RA is a complex trait, and it is likely that variation in different genes
contribute to susceptibility and/or phenotype (genetic heterogeneity). Examining the
phenotypes of a large cohort of individuals with RA homozygous for CCR5-432 would
enable us to determine more accurately whether they tend to have a milder phenotype of
RA.

It is possible that the observed association is due to another variant that is in linkage
disequilibrium with CCR5-432, such as the G allele of a single nucleotide polymorphism
(A-2459G) in the 5'-cis regulatory region of CCR522:23, The association between CCR5-
432 and RA also raises the possibility that other functional variants at the CCR5 locus could
affect susceptibility to RA. The 5’ cis-regulatory region of CCR5 has several single
nucleotide polymorphisms. Some of these show alterations in binding of transcription
factors, and consequently different CCR5 haplotypes are associated with differential
transcriptional regulation?4. Furthermore, different CCR5-haplotypes have been shown to be
associated with different disease-modifying effects among patients with acquired immune
deficiency syndrome22. Association studies of these other CCR5 variants in large cohorts of
individuals with inflammatory arthritis including RA would also provide insights about
genetic variation at the CCR5 locus and arthritis.

This meta-analysis does have some limitations. Ideally, analyses where data from individual
subjects are pooled are preferable to a meta-analysis of published studies?®, but a pooled
analysis of data was beyond the scope of this study. Although very few studies were
available for the meta- analysis, combining them did result in substantial numbers of cases
and controls. Analysis of the data stratified by gender or rheumatoid factor status would
have provided more information, but such information was not available from all of these
studies. Another potential limitation is the presence of heterogeneity among studies.
Although steps were taken to minimize heterogeneity by limiting analysis to individuals
with RA with a European ancestry, it is possible that heterogeneity still existed between
these studies. The statistical tests used to detect heterogeneity have low sensitivity, and
hence, in spite of the absence of a statistically significant heterogeneity, some heterogeneity
might still exist. However, it should be noted that the effects of all five studies included in
the analysis were in the same direction, i.e., protective. It is also possible that there were
differences in the definition of the phenotype. All studies reported that the cases had definite
RA, and four of them used the American College of Rheumatology criteria for a diagnosis
of RA. However, if some individuals who did not have RA were misclassified as having
RA, then it would be expected to bias our results towards the null. All meta-analyses are
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also potentially subject to publication bias, whereby studies with negative or non-significant
results tend to be published less often than those with positive results26. However, of these
five studies, two did not find statistically significant associations between CCR5-432 and
RA,12.16 thus minimizing a publication bias. Furthermore, exclusion of the first published
study by Cooke et al, and recalculating the pooled OR, did not change the results
significantly (OR = 0.66; 95 % CI = 0.55 to 0.79).

Finally, the results of the present study suggest the possibility that CCR5 blockade could
have clinical efficacy, at least in some subsets of patients with RA. In that respect, it is
interesting that CCR5 blockade leads to inhibition of collagen-induced arthritis, an animal
model of RAZ7:28,
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Figure 1. Meta-analysis of 5 studies addressing the association between CCR5-432 and

rheumatoid arthritis

This figure depicts the odds ratio (OR) and 95 % confidence intervals (Cl) of the association
between CCR5-432 and RA. The data were obtained from the five studies indicated on the
right. The estimated OR from each study is shown as a dark circle, with horizontal lines
extending to the 95 % CI of the OR. The pooled OR from the five studies is shown as a
square, with the thick horizontal line depicting the 95 % CI. Values below 1.0 indicate a
negative association with RA indicating protection against RA. Confidence intervals that

overlap 1.0 indicate lack of statistical significance.
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