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Abstract

The natural function of the C-C chemokine receptor type 5 (CCRS) is poorly understood. However, polymorphisms
of this gene have been described to influence the outcome of allogeneic organ and stem cell transplantation. Most
intensively studied is a 32 base pair deletion in the CCR5 gene (CCR5-delta32) located on chromosome 3 which leads
to a non-functional protein. It is supposed that this deletion causes an alteration in T-cell response to inflammation.
For example, the presence of the CCR5-delta32 allele in recipients of allografts constitutes as an independent and
protective factor associated with a decreased risk of graft-versus-host disease (GVHD) and graft rejection. However,
the mechanism of this beneficial effect of the deletion regarding GVHD is unknown. Here, we describe the biology of
the chemokine receptor CCR5 and its polymorphism in the context of transplantation immunology.
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Introduction

The C-C chemokine receptor type 5 (CCR5) belongs to the super
family of the seven-transmembrane G-protein coupled receptors
(GPCRs) [1]. It interacts with chemokines that mediate the trafficking
and function of memory/effector T-lymphocytes, macrophages, and
immature dendritic cells towards sites of inflammation [2]. After
activation with chemokine ligands, GPCRs are rapidly phosphorylated
at serine and threonine residues within the C-tail and the third
intracellular loop [3]. When bound by their ligands, these receptors can
be internalized, impairing the subsequent ability to bind their ligands.
Once internalized, these receptors tend to recycle to the cell surface
in time. Most chemokines activate more than one receptor subtype
and like other chemokine receptors, CCR5 can also bind several
chemokines [4].

CCR5 has gained prominence as a cofactor for HIV-1 entry. Hence,
74 mutations have been described in this gene up to date (http://www.
ensembl.org) including the intensively studied 32 base pair deletion
(CCR5-delta32) that introduces a premature stop-codon into the
CCR5 locus [5,6]. Epidemiologic studies have shown that the mutation
occurs most frequently in the Caucasian population with up to 10-20%
heterozygous and 1% homozygous carriers, while it can not be found in
the Asian, Middle East, African, and the American Indian population
[7]. Tt is hypothesized that the imbalanced distribution of this allele
was caused by environmental selective pressure, resulting in positive
selection for the delta32 deletion [8].

Over the last decade, a large number of reports focusing on the
role of chemokines in the context of allograft rejection have been
made [9]. Furthermore, the first CCR5 inhibitors have been tested
concerning their therapeutic significance in terms of transplantation
immunology [10,11]. First clinical data will probably be available soon
from a trial introducing the CCR5 inhibitor Maraviroc into allogeneic
hematopoietic stem cell transplantation (SCT) from the Abramson
Cancer Center of the University of Pennsylvania (NIH clinical trial
number: NCT00948753).

The CCR5 gene is mapped to the short arm of chromosome 3
amongst a group of genes that encode multiple chemokine receptors
[12]. CCR5 up-regulation has been proposed by NF-kB, but recently
it was suggested that gene regulation is modified by the cAMP/
CREP pathway [13,14]. The effect of the CCR5-delta32 deletion on

the expression on other genes has been intensively investigated for
CXCR4 [15]. The aberrant gene product from CCR5-delta32 builds
an intracellular complex with the CXCR4 receptor preventing the
expression on the cell surface. Although the mechanism is well
described there is a controversy on the question whether this complex is
sufficient to suppress CXCR4. Furthermore, it is unknown whether the
deletion influences the expression of other genes or forms complexes
with a second or third protein.

Apart from the role in HIV infection, the CCR5-delta32
mutation seems to be a modulator regarding immune responses
and transplantation immunology. There has also been proposed an
association of the mutation with the occurrence of allograft rejection
and protection against graft-versus-host disease (GVHD) [16,17].

For SCT, testing for at least ten alleles of five HLA genes is required
before declaring that donor and recipient are HLA-concordant.
However, GVHD can occur even though donor and recipient are
HLA-matching as the immune system is still able to recognize
other differences in antigenicity and recipients need intensive
immunosuppressive medication to prevent the development of GVHD
[18,19]. Although there are still advances in the treatment of GVHD,
this inflammatory immunoreaction is responsible for 15% of treatment
related mortality [20]. Therefore, understanding and manipulating the
mechanisms of GVHD is of important scientific and clinical impact.

The molecular basis of the protective effect of CCR5-delta32 is
poorly understood. It is still unclear, whether the CCR5-delta32 deletion
may have an effect on the expression of genes, which communicate
immunological responses or whether the protective effect of the CCR5-
delta32 deletion is solely caused by the lack of functional CCR5. One
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of the most elaborately investigated but also controversially discussed
association of the CCR5-delta32 deletion is the putative suppression
of the chemokine receptor CXCR4 [15]. With concern to this, there
is only data available from an animal model, in which CCR5 has been
blocked by specific inhibitors [21,22].

Physiological function of CCR5

The exact physiological function of CCR5 has been entirely
unknown for a long time. Individuals lacking CCR5 display no
remarkable illness and no increased susceptibility towards infectious
diseases could be observed until Lim et al. figured out a possible role
for CCR5 during infection with the West Nile virus (WNV) [23].
They found an increased risk for individuals with the CCR5-delta32-
mutation developing fatal encephalitis and therefore suggest that the
functional receptor acts by recruiting leukocytes into the infected
central nervous system. Nevertheless, CCR5 deficiency is not a risk
factor for WNV infection per se, but is a risk factor for both, early and
late clinical manifestations after WNV-infection [24].

CCRb5 as a host factor aside HIV infection

Murine models with CCR5 deficiency mice have demonstrated
a robust T-cell response to several infectious agents [25]. A vigorous
T-cell response is required to recover from acute hepatitis B virus
(HBV) infection. Interestingly, Thio et al. [26] found that CCR5-
delta32 increases the likelihood of recovery form HBV infection
and reduces the development of chronic HBV infection by nearly
50%. Furthermore, this protective effect was exclusively mediated by
the CCR5-delta32 deletion and not by any of the other neighboring
polymorphisms.

A potential role for the CCR5-delta 32 deletion was suggested also
for hepatitis C infection (HCV), especially for the chronic course of
this disease [27]. Chemokines and chemokine receptors my play a role
in the IFN-gamma or IL-4 secretion induced by the HCV antigens
and therefore may contribute to the clearance or maintainance of
the HC virus. However, currently there is no clear evidence that the
CCR5-delta32 polymorphism is associated with the clinical outcome of
HCYV infection nor is valuable to predict the response to therapy with
interferon-alpha and ribavirin [28,29].

CCR5 polymorphism in organ transplantation and graft
rejection

During subclinical and clinical acute rejection after organ
transplantation, transcripts from several inflammatory chemokines
(CCL3, CCL5, CXCL9, CXCL10, and CXCL11) and chemokine
receptors (CCR5, CCR7, and CXCR3) were significantly increased in
allografts, indicating a strong polarization toward a T-helper 1 effector
phenotype during rejection. These transcripts also distinguished
acutely rejecting allografts from allografts with nonrejection causes of
renal dysfunction. Biopsies from patients with stable function without
histological evidence of rejection had increased chemokine transcript
levels that were qualitatively similar but quantitatively reduced
compared with rejecting allografts [30].

Recipients of organ allografts homozygous for CCR5-delta32 show
longer survival of transplant function than those with other genotypes
(Table 1). This has been shown for renal and liver transplants suggesting
that patients with CCR5-delta32 might be candidates for a reduced
immunosuppressive therapy [16,31]. Furthermore, interaction and
blockade of the CCR5 receptor may also reduced alloantigen-specific T
lymphocyte proliferation and may be effective in preventing acute and
chronic rejection of allograft [32].

CCR5 polymorphism in allogeneic SCT: graft versus host
disease

Chemokines play a crucial role in the pathogenesis of GVHD
disease after SCT (Table 2). In experimental models, due to the
redundancy of receptor ligand interaction, the deficiency or blockade
of a single chemokine does not protect the allograft from acute rejection
[16]. However, recent studies have demonstrated that the blockade or
absence of a single chemokine receptor does prolong allograft survival
in a fully MHC mismatched model [33].

In a study with CCR5-knockout and wild type mice, animals were
lethally irradiated and underwent full MHC-mismatch bone marrow
transplantation. Observing more cases of GVHD in the group of
CCR5-knockout mice, Kuziel et al. [34] concluded that the absence of
CCRS5 results in donor T-cell expansion with a consecutive higher rate
of GVHD. In another animal model, authors demonstrated that CCR5
and CXCR3 combined chemokine blockade is effective in prolonging
allograft survival and limiting acute rejection concurrently [35].

A study investigating the CCR5 polymorphism from donors
of 186 allografted recipients demonstrated contradicting results to
those of Kuziel. Here, the authors suggested that the presence of the
CCR5-delta3?2 allele represents a protective factor regarding the risk
of developing GvHD after allogeneic SCT [17]. Previously, Murai et

No. of patients Organ %378;¥%??D§e0|plents Outcome Reference
158 Liver Eg;f S§R5‘de'ta32 AR ¥ [31]
1227 Kidney ES;E S§R5‘de'ta32 Allograft Survival Ah [16]
163 Kidney Eg;f E§R5'59029'A/G AR W [42]
(R): CCR5 No-E
158 Heart | 5 EAR ¥ [43]
. (R): 8 CCR5 SNPs o
266 Liver (D) nd Not significant [44]
. (R): CCR5-delta32  |NAS 4fold/
384 Liver D). CCR5-delta32  Not significant (4]
(R): CCR5-delta32
173 Kidney | CCR5-59029-A/G Not significant [46]
(D): nd

(nd= not done, AR= acute rejection, EAR= early acute rejection, NAS=
nonanastomotic biliary strictures)

Table 1: Summary of studies focusing on the outcome of organ transplantation in
regard to different CCR5 polymorphism. In most cases, CCR5 genotyping was only
performed in recipients.

No. of Genotyping
patients G Recipients (R)/Donor (D) OUtcome Reference
(R): CCR5(H1/H1) DFS 4, OS A
1870 IMURD ) CCRS(H1/H1) DFS ¥ (37]
240 MURD & (R): CCR5-delta32 GVHD ¥ (7]
MRD (D): CCR5-delta32 No acute GvHD*
(R): nd ok
1273 MURD (3% 8 s deltas GVHD d [47]

(MURD= matched unrelated donor, MRD= matched related donor, nd= not done,
DFS= disease free survival, OS= overall survival, GVHD= graft-versus-host
disease)

*in the case of CCR5-delta32 for both donor and recipient, respectively

**not significant

Table 2: Summary of studies focusing on the outcome of allogeneic hematopoietic
stem cell transplantation in regard to different CCR5 polymorphism.
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al. [36] described the recruitment of CCR5-expression CD8+ T-cells
during acute liver GVHD in patients after allogeneic SCT.

Most recently, a significant association of the common CCR5
haplotype (H1/H1) and advantage of disease free survival and overall
survival in recipients of allogeneic SCT has been found. The authors
suggested CCR5 genotyping as a new diagnostic and therapeutic
strategy for therapy optimization [37].

Although it seems obvious that the protective effect of the CCR5-
delta32 deletion should be associated with a lack of a proposed
immunemodulatory effect of CCR5, the exact mechanism is not
detected. Furthermore, there is the question whether the lack of CCR5
alone or some secondary effect or co-regulation could be involved.
In a survey of 19 healthy volunteer Hiitter et al. [39] searched for a
CCR5-delta32 associated regulation of critical genes involved in the
immune response and the development of GVHD using a gene array
technique. They found several gene differential co-regulated and most
interestingly a CD30L upregulation in the CCR5-delta32 group. They
assume that CD30 and its ligand CD30L may be an important co-
stimulatory molecule and marker for the physiological balance between
TH1/TH2 immune response associated with allograft rejection [38,39].

CCR5 polymorphism SCT: infectious

complications

in allogeneic

Reactivation of Epstein-Barr-Virus (EBV) is a serious complication
affecting the recipients of allogeneic SCT. Bogunia-Kubik et al. [40]
analyzed 92 recipients of allogeneic SCT and their donors concerning
EBV load, EBV reactivation and CCR5-delta32 deletion. They found
that the incidence of EBV reactivation after early transplantation (<100
days) was significantly lower in patients carrying the CCR5-delta32
allele. In a multivariate analysis of patient’s medical data, only for age
and CCR5-delta32 asignificant association as an independent risk factor
for EBV reactivation could be detected. The CCR5-delta32 deletion was
found to have a protective effect on EBV reactivation whereas in CCR5
wild type patients the CCR5 expression was significantly higher in the
group with EBV reactivation.

In another trial on the influence of several polymorphism in the
MCP1, IL-10 and CCR5 genes and their association with disease or
reactivation of human cytomegalovirus (CMV) were investigated.
In this survey, 83 patients (with CMV reactivation) and 71 controls
(no CMV reactivation) were analyzed. For the tested five CCR5
polymorphisms, authors found only the rs1800023 mutation significant
associated with CMV reactivation vs. disease. The authors suggest that
down-regulation of the cell surface expression of CCR5 reduces the
migration of various immune effector cells to sites of inflammation an
that there might be a link between CMV-mediated manipulation of
IL-10, MCP1, and CCR5 activity and its ability to escape the immune
system. Furthermore, testing of high-risk patients for the presence of
these single-nucleotide polymorphisms in critical genes like IL-10 or
CCR5 might be useful for individualizing antiviral prophylaxis [41].

Conclusions

Our diagnostic and therapeutic tools in individualized medicine
have rapidly advanced during the last years. This enables us, to predict,
prevent, diagnose and treat subtypes of diseases in a more efficient
way. The role of the CCR5 polymorphism in transplantation medicine
offers us a way in improving the therapeutic strategies and in defining
additional risk factors during the transplantation procedure. Patients
may benefit from these findings regarding to their specific disease
processes and will (probably) therefore have a reduced risk regarding

development of life-threatening adverse events. Finally, this kind of
personalized treatment in regenerative medicine and therapeutics
offers the possibility to transform the efficiency of managing diseases
from palliation up to cure.
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