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Abstract

Gene mutation is a change in nucleotide sequence of DNA which results in an impaired or loss of functions of the
associated gene. Mutation can occur spontaneously or be induced by mutagenic agent. It is considered deleterious
when it affects the phenotypic expression of the gene products. However, some mutations, such as CCR5 gene
mutation turns out to be beneficial. HIV virus uses the gene product, CCR5, as a co-receptor along with CD4
receptor to enter the host’s cell. The product of CCR5 mutant gene does not interact with HIV surface antigen,
hence blocks the primary entry of the virus and thus provides immunity to AIDS for homozygous carriers and greatly
slows the progress of the disease in heterozygous carriers. How about the critical role of the gene, being the gene
encoding a member of the beta chemokine receptors, which in turn play an important role in the immune response?
This is probably compensated by genomic redundancy of chemokine-receptor functions. Genetic redundancy refers
to the situation where the loss of a gene can be completely or partially compensated by one or more other genes.
Taken together, CCR5 ∆32 protein product is of clinical significance in conferring resistance to HIV infection and is
thought to reduce the surface expression of wild type CCR5. In this review we highlight the origin of CCR5 Δ32 HIV-
Resistance Allele and discuss chemokine receptors’ functional redundancy as the phenomenon compensating for
the normal function the allele in individuals carrying the mutation.
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Introduction
In CCR5-Δ32 mutation thirty-two base pairs that correspond to the

second extracellular loop of the receptor, CCR5, are deleted. This
mutated receptor is non-functional and non-perfect fit for the surface
antigen presented by M-tropic HIV-1 virus resulting in infection
resistance [1-4]. The CCR5 Δ32 mutation is considered a good
example of an advantageous allele which plays an important role in
HIV resistance. The mutation is prevalent in Europe and western Asia,
with average frequencies of about 10%. History shows that the age of
Δ32 allele has been estimated to be between 700 and 3,500 years based
on linkage disequilibrium data [5,6]. Recent ancient DNA evidence
suggests that the allele can be at least 2,900 years old [7]. It has also
been estimated that up to 20% of ethnic western Europeans carry this
mutation, which can be rare or even absent in other ethnic groups
[8-10]. This estimate suggests that the CCR5- Δ32 mutation was
strongly selected for sometime during European history. It has been
proposed by some researchers that the plague epidemics that
repeatedly swept Europe during the Middle Ages were responsible for
this selection [11].

The HIV virus enters a cell with the aid of its surface antigen,
HIV-1 gp120 protein which binds specifically to a receptor jointly

made by CD4 and multi-CC and CXC chemokine receptors in the
initial stage of infection [12]. However, in people with CCR5- Δ 32
mutation, the primary entry of HIV by this means is blocked, thus
providing immunity to AIDS for homozygous carriers and greatly
slowing progress of the disease in heterozygous carriers [13,14]. Dr.
Stephen J. O’Brien of the National Institutes of Health in Washington
D.C. was reported to have said “It’s highly unusual, ‘Most genes, if you
knock them out, cause serious diseases like cystic fibrosis or sickle cell
anemia or diabetes. But CCR5-delta32 is rather innocuous to its
carriers. The reason seems to be that the normal function of CCR5 is
redundant in our genes; that several other genes can perform the same
function” [15]. It was reported that one of the best documented
genetic polymorphisms which regulates disease susceptibility is the
CCR5-Δ32 HIV resistance allele [16]. In this review we highlight the
origin of the allele and discuss genetic redundancy in chemokines as
the phenomenon compensating for the normal function of the allele in
individuals carrying the mutation.

Physiological role of chemokines and chemokine receptor
functions

All chemokines have a number of conserved cysteine residues that
are involved in intramolecular disulfide bond formation. While some
chemokines are pro-inflammatory molecules induced during an
immune response to recruit cells of the immune system to a site of
infection, others are homeostatic and are involved in controlling the
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migration of cells during normal processes of tissue maintenance or
development [17-19]. They are the only cytokines known to interact
with seven-transmembrane-domain-G-protein-coupled receptors,
proteins that respond to an external signals and transmit them to an
intracellular compartment [20]. Chemokines are labelled according to
the structure at conserved sites of their cysteine residues such that CC
chemokines have neighbouring cysteines while CXC chemokines have
an additional amino acid separating cysteine residues. So far seven CC
(of which CCR5 is one) and four CXC receptors are known. It is
thought that a primordial chemokine gene that underwent duplication
and divergence is responsible for the different chemokine groups. The
chemokine CCR5 plays an important role in the immune reponse,
where it is highly expressed on macrophages and CD4 T cells [18,19].

Figure 1: Mapping the chemokine cluster on chromosome 3 [20].

Understanding the mechanics of chemokine action is complicated
considering the fact that chemokine receptors can bind to number of
chemokines, while chemokines in turn can bind to number of
chemokine receptors as well. Chemokine receptors are expressed on
cells of the immune system; lymphocytes, macrophages, manocytes,
eosinophils, basophils and platelets. Some chemokines are unique to
certain cell, for instance CXCR4 receptors are expressed on T cells and
CXCR5 receptors on B cells [21]. CC chemokines have a complex and
diverse role, for example monoclonal antibodies such as MIP-1α have
been used in inflammatory models to understand the function of
chemokines in inflammation. CCR5 plays a role in the inflammatory
response by directing cells to sites of inflammation. Other chemokine
receptors work in synergy with CCR5 to mediate T-cell functions [22].
The receptors enhance T-cell co-stimulation and cytokine release from
CD4+ T-cells. Ligands for CCR5 augment the activation of T-cell
responses and enhance the production of antigen specific T-cells [23].
The level of CCR5 expression is up-regulated in CD8+ cells during
inflammation which allows the cells to move towards sites of CD4+ T-
cell and dendritic interactions [24]. By this, the chance of CD8+ cells
encountering antigen specific cells increases. CCR5 generally,
enhances the adaptive immune response.

CCR5 protein is expressed by T cells and macrophages; an
important co-receptor for macrophage-tropic virus including HIV, for
entry into host cells. Defective alleles of this gene confers HIV
infection resistance on the host. The ligands for this receptor include
macrophage inflammatory protein 1 alpha, macrophage inflammatory

protein 1 beta, monocyte chemoattractant protein 2 and regulated on
activation normal T expressed and secreted protein. Expression of this
protein was also detected in a promyeloblastic cell line, implying its
role in granulocyte lineage proliferation and differentiation. The role
of CCR5 is to allow entry of chemokines into the cell; chemokines are
involved in signalling the body’s inflammation response to injuries
[21]. The observation that its congenital absence does not lead to any
overt pathology suggested that CCR5 might be a valid target for
pharmacological blockade. CXCR4, on the other hand, and its single
known ligand SDF-1/CXCL12 are both highly conserved; they play an
essential role during embryonic development and in several major
processes in the adult, including hematopoiesis, trafficking of
leukocytes to the target site in the adaptive immune system, and
vascularization [25].

Genetic redundancy in CCR5 Δ32 HIV-resistance allele
Genetic redundancy refers to the situation where the loss of a gene

can be completely or partially compensated by one or more other
genes. Cases of genetic redundancies are well documented in the
literature and can be roughly categorized into two types. The first type
of genetic redundancy occurs at the individual gene level such as that
between isoenzymes. Isoenzymes are generated by gene duplication
and differ in protein sequence, yet catalyze the same biochemical
reactions in an organism. The second type of redundancy occurs at the
systems level, as a result of distributed properties of networks [25,26].
The consequence of genetic redundancy is robustness against genetic
perturbations such as mutation that are deleterious in nature. Genetic
robustness is a characteristic of cellular life, observed at many levels of
biological organizations, from DNA replication and gene expression to
metabolism, cell cycle, and embryonic development [27-29].

Cytokines and chemokines are redundant secreted proteins with
growth, differentiation, and activation functions that regulate and
determine the nature of immune responses and control immune cell
trafficking and the cellular arrangement of immune organs. Which
cytokines are produced in response to an immune attacks determines
initially whether an immune response develops and subsequently
whether that response is to be cytotoxic, humoral, cell-mediated, or
even allergic. A cascade of responses operates in response to cytokines,
and often several cytokines are required in synergy to express optimal
function [30]. Chemokines are functionally redundant, have synergetic
effects, and can behave as antagonists. These properties enable the
formation of a complex and appropriate network that activates the
immune response. The human CC chemokine receptor family
includes 10 genes (designated as CCR1 through CCR10). Most of the
human CC chemokine receptor genes, with the exception of CCR7 are
concentrated on the short arm of chromosome number 3. Receptors
CCR1 through CCR5 are very similar in gene structure, suggesting
that all five receptors share a recent common ancestor and originated
through gene duplications [30]. Two pairs of loci, CCR1-CCR3 and
CCR2- CCR5 are more closely related based on sequence similarity
and physical distance than to the other members of the cluster (Figure
1) [20].

“CCR5-Δ32/Δ32 homozygotes lack CCR5-mediated chemokine
responsiveness but do not show immunological pathology, probably
because of the genomic redundancy of chemokine-receptor functions.
It is reported that the programmed induction of chemokine receptor
expression on CD4+ leukocytes is of clear advantage to the host in
mounting an appropriate immune response, although the subsequent
use of these receptors by HIV is likely be the result of evolution and a
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millennium of genetic pressures”. Apparently, these genetic pressures
causing 32 base-pair deletion in the CCR5 gene on human leukocytes
(Figure 2) has allowed for some resistance to infection without
impairing the host's immune response [31-33]. The absence of any
apparent immunological deficits of significance among individuals
with naturally occurring loss-of-function mutations provides some
certainty that pharmacological blockade of CCR5 in normal
individual, will relatively provide protection against the viral entry
[34]. One can raise questions about the normal function of the
receptor. It is thought that redundancy in the chemokine network is
thought to allow other chemokine receptors to perform the function of
CCR5 [35].

However, some researchers have argued that the blockage of the
CCR5 pathway does not compromise the ‘robust’ role of the
chemokine system in the ontogeny of innate and acquired immunity.
They put forward an argument that blocking certain chemokines or
receptors can definitely affect the product of the system. This is
evidently illustrated by eotaxin and its receptor CCR3, being clearly
essential for full expression of allergic inflammation, and for CCR2
and MCP-1 Gene targeting. The latter molecules clearly affect
monocyte recruitment under certain conditions of stimulation.
However, lack of these molecules does not compromise ontogeny
[36-39].

Researchers corroborating studies in mice [35] with studies in
humans have shown that CCR5∆32 heterozygotes have a sixfold
increased risk for severe West Nile virus (WNV) infection and a five-
fold increased risk of mortality [40]. Similarly, meta-analysis of the
four patient cohorts in the United States confirmed that CCR5
deficiency is a strong and consistent risk factor for symptomatic WNV
infection [41]. Association between the lack of functional CCR5 and
tick-borne encephalitis has also been reported [42]. However, the
available data currently suggest that pharmacological blockage of
CCR5 is likely to be largely well tolerated; adequate safety studies
required to monitor the long-term safety of CCR5 blockage while
paying attention to the consequences of infection by certain pathogens
[43,44]. There are several approaches undertaken to pharmaceutically
target CCR5, such as the use of small molecule co-receptor inhibitors,
chemokine analogues, anti-CCR5 antibodies, gene knockdown and
knockout strategies [35,43].

Figure 2: Wild-type CCR5 and ∆32 and the respective protein
sequences they encode [45].

Some experts in the area consider the use of receptor antagonist
drugs as problematic in view of drug toxicity; possibility of drug
binding to up-target chemokine receptors and the emergence of escape
mutants. Better approach is gene therapy which can provide a long-
term protection against HIV infection and progression. Transducing
hematopoietic stem cells ensures continued self-renewal and
differentiation ability of HIV resistant cells while ultimately replacing
and reconstituting the individual's HIV depleted immune system [46].

Invasion of HIV-1 into the host cell requires binding of HIV-1
envelope protein gp120 to the cellular receptor CD4 which orients the
viral spike, stabilize the bridging sheet and exposes the V3 loop of
gp120. This new orientation allows for viral interactions with the
cellular co-receptor CCR5 [47]. Thus genetic therapies disrupting the
CCR5 proteins are promising avenues of research for developing HIV
resistance.

Similarly, in our previous article entitled “Genetic approach to
protecting infants to be breast-fed by HIV positive mothers against
HIV infection,” we proposed CCR5 genetic modification at stem cell
level considering the redundancy of chemokine receptor network [1].
Thus, CCR5 ∆32 protein product is of clinical significance in
conferring resistance to HIV infection and is thought to reduce the
surface expression of wild type CCR5 as shown by Benkirane et al. and
Agrawal et al., [48,49]. To further express our view here, genetic
redundancy can be the driving force compensating for the normal
functions of CCR5 gene considering the fact that CCR1 through
CCR5, among chemokines clusters, are very similar in gene structure,
suggesting that all five receptors emaneted from the same phylogenetic
tree and originated through gene duplications [20].

Conclusion
CCR5 Δ32 HIV-Resistance Allele is beneficial to its host, the

mutation originated from Europe and Western Asia. Redundancy in
chemokine genes can be the driving force compensating for the
normal functions of the CCR5 gene.

Recommendation
CCR5 Δ32 mutation provides an important hint on how to prevent

HIV primary entry to the host both pharmacologically and by genetic
manipulation. The latter can be promising to ensure a lifelong
protection if carefully performed. However, analysis of this mutation
needs to be performed both in silico and in vitro to explore other
means of clinical intervention.
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