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 Biological and molecular  aspects of HIV- 1 coreceptor  usage 

Thee identification of chemokine receptors as the coreceptors of HIV-1 has yielded many 

novell  insights in the pathogenesis of HIV-1 infection with respect to the mechanism of viral 

entry,, viral tropism, and differences in disease course among individual patients. Here we 

presentt a review on these insights and on the molecular aspects of HIV-1 coreceptor 

recognition. . 

 HIV-1 coreceptor use 

Fourteenn chemokine receptors or structurally related molecules have been identified that can 

functionn as coreceptors for entry of HIV-1 in vitro (reviewed in [36-38]). Viral coreceptor use 

iss determined on cell lines which lack endogenous expression of (co)receptors and which are 

transfectedd with CD4 and one of the putative HIV-1 coreceptors. Entry and subsequent 

replicationn in these cells indicates which coreceptors the viral isolate can use. Alternatively, 

celll  fusion-based assays are used, in which fusion of a cell line expressing CD4 and a 

coreceptorr with a cell line expressing HIV-1 gpl20 is monitored [39,40]. 

Coreceptorr use is highly correlated with the ability to induce syncytia in the MT2 T cell line: 

nonsyncytium-inducingg (NSI) variants which in general establish new infections, predominate 

inn the asymptomatic phase and [10,19,41,42], use CCR.5 but not CXCR4. Syncytium-inducing 

(SI)) variants, which emerge in about 50% of infected individuals preceding an accelerated 

CD44 cell decline and progressive clinical course of infection [13,43], use CXCR4 and often 

additionall  coreceptors [44,45]. Rapid/high (R/H) and slow/low (S/H) is another nomenclature 

forr phenotypical different HIV populations [19] that partially overlap with SI/X4 and NSI/R5 

viruss populations, respectively. 

AA differential coreceptor usage of HIV variants has been demonstrated for all different clades 

[46,47],, although an under-representation of CXCR4 using HIV variants in clade C has 

frequentlyy been reported [48,49]. To date, there is no explanation for this phenomenon but as 

itt has been observed among patients of different countries and different racial backgrounds, 

thee involvement of viral genotypic differences rather than environmental differences seems 

likely. . 

Promiscuouss coreceptor use on indicator cell lines was mainly observed among CXCR4-using 

variantss while all described virus isolates most efficiently used either CCR5 and/or CXCR4, 

thee main coreceptors for HIV [39,44,50-60]. A nomenclature based on coreceptor use has 

beenn proposed: R5 for CCR5-using variants, X4 for CXCR4 using variants and R5X4 for 

variantss that use both CCR5 and CXCR4 [61]. 

Twoo approaches are available for the determination of coreceptor use in primary cells that 

havee lower expression of CD4 and coreceptors than indicator cell lines. First, absent viral 

replicationn in peripheral blood mononuclear cells (PBMC) from healthy blood donors who are 

homozygouss for the CCR5 A32 allele reflects the absolute dependence of the HIV variant on 
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CCR55 for entry [62,63]. Second, the availability of potent and specific coreceptor antagonists 

allowss interference with entry via the cognate chemokine receptor [64-68]. Using these 

approaches,, it was shown that NSI HIV-1 variants depend on CCR5 for entry in primary cells, 

irrespectivee disease stage at the moment of virus isolation [46,47,59]. Disease progression 

thuss can occur without an HIV expanded coreceptor use, which further implies that CCR5 is a 

promisingg target for the development of entry inhibitors. 

CXCR4-usingg HIV-1 variants evolve from R5 viruses via a R5X4 phenotype towards an X4 

phenotypee as determined in indicator cell lines [14,69]. Replication of CXCR4-using variants 

inn the presence of saturating concentrations of potent CXCR4 antagonists would indeed 

indicatee the capacity to use other coreceptors than CXCR4. However, replication of both 

R5X44 and X4 variants was completely inhibited by the CXCR4 antagonists AMD3100 and 

T222 in PBMC, despite the presence of sufficient levels of CCR5 for infection by R5 HIV-1 

variantss [70-74]. Thus, the vast majority of HIV-1 variants depend on either CCR5 or CXCR4 

forr replication in primary cells [46] and coreceptor use as determined on indicator cell lines 

doess not necessarily reflect efficient use of these coreceptors in primary cells. 

 Cellular tropism 

Co-expressionn of CD4 and an appropriate coreceptor have identified monocytes, 

macrophages,, microglia, dendritic cells, Langerhans cells and lymphoid cells such as 

thymocytess and CD4" T helper cells as potential target cells for HIV-1. However, the mere 

co-expressionn of CD4 and an appropriate coreceptor does not warrant the capacity of a cell to 

supportt productive infection, illustrated by the relative resistance of CD4CCR5CXCR4 

macrophagess to infection with X4 as compared to R5 HIV-1 variants [75,76]. 

Thee relatively low CD4 levels on macrophages and a higher CD4 dependency of X4 variants 

thann R5 variants [77,78] may lead to a less efficient entry of X4 variants into macrophages. 

Over-expressionn of CD4 indeed rendered macrophages more permissive to infection with 

primaryy X4 variants [79,80], Alternatively, cell type specific differences in post-translational 

modificationss of CXCR4 have been suggested to influence the susceptibility of macrophages 

too X4 HIV-1. A large proportion of the CXCR4 molecules on macrophages, but not 

monocytes,, are present as high molecular weight species which can not associate with CD4 

andd may not mediate efficient viral entry [81]. Post entry restrictions at multiple levels of the 

replicationn cycle may also contribute to the resistance of macrophages to infection of X4 and 

R55 variants [76,82]. 

Thee presence of macrophagetropic, R5 virus variants during early stages of HIV-1 infection, 

suggestss that macrophages are a principal target for the establishment of infection in a new 

individuall  [41,42], DCs and Langerhans cells have also been implicated in transmission of 

HIV-1 .. These antigenpresenting cells capture antigen at peripheral tissues and transport this to 

lymphoidd tissues for presentation to T cells. If DCs would get infected at the portal of entry, 

theyy could transfer the virus to CD4 T cells upon migration to lymphoid tissues. The 
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observedd capacity of DCs to support extensive viral replication in T cells in DC-T cell 
coculturess may support this hypothesis [83,84]. There has been some controversy whether 
HIV-11 can establish productive infection of DCs [85]. However, it has recently been shown 
thatt the immature DC specific C type lectin DC-SIGN allows intracellular capture and 
efficientt presentation of virions to CD4" T cells, without productive infection of the DC51. 
Thiss capture is not coreceptor specific, and thus does not explain the predominance of R5 
variantss early in infection [86,87]. 

Thee putative crucial role of DCs and macrophages in the establishment of infection has been 
challengedd by in situ hybridisation studies of lymphoid tissues. Even a few days after onset of 
symptomss of acute infection, about 90% of the cells containing viral RNA were T cells, 
whereass a minority of infected cells were macrophages [88,89]. The reported 
macrophagetropicc phenotype of transmitted R5 or X4 variants [41,42,71] may thus merely 
reflectt the ability of these virus variants to use a low CD4 density rather than the ability to 
infectt macrophages per se. 

Thee almost complete resistance from HIV-1 infection of individuals who are homozygous for 
CCR55 A32, underscores a major role of R5 variants in establishment of infection, irrespective 
off  the route of transmission [62,63], although transmission of X4 HIV variants has been 
reportedd [41,71,90-94]. Several mechanisms have been suggested to play a role in the 
selectivee establishment of infection by macrophagetropic R5 HIV-1 variants. Escape from the 
immunee system [95] and low immunogenicity of R5 variants [96] have been suggested to play 
aa role, but this seems difficult to match with the abundant virus replication in activated CD4̂  
TT cells [88,89]. Selective capture of X4 HIV-1 variants to cell surface heparans would result 
inn clearance of X4 variants due to binding to (but not infection of) CD4-ncgative cells [97], 
Immaturee dendritic cells (DCs) were shown to migrate towards R5 but not X4 HIV-1 variants, 
whichh would result in selective dissemination of R5 variants to lymphoid tissue [98]. Finally, 
highh expression levels of SDF-1 and the virally encoded Tat protein, which both interact with 
CXCR4,, might limit transmission and evolution of X4 HIV-1 variants [99-101]. 

Thee differential tropism of R5 and X4 variants for CCR5̂  and CXCR4* T cell subsets [14] 
mayy offer an alternative explanation for the predominance of R5 variants early in infection. 
X44 variants mainly infect CXCR4" cells, which generally have a naive or resting memory 
phenotype.. The majority of CXCR4 cells may therefore not provide the intracellular 
requirementss for productive infection, resulting in viral entry but not productive infection 
[102-104].. Infected resting cells that lacked expression of the activation markers HLA-DR 
andd Ki67 have been shown to contain lower numbers of viral transcripts than activated cells 
[89].. In agreement, a relatively low viral RNA load was observed in individuals who became 
infectedd despite a homozygous genotype for CCR5 A32 [93,94,105]. This indicates a lower 
numberr of progeny X4 viruses may indeed be produced in vivo, which might be due to the 
restingg phenotype of their target cells. Infection of activated CCR5' cells may give R5 
variantss a replicative advantage over X4 HIV-1 variants, and hence an increased chance that 
R55 variants establish a productive infection in a new host. 
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AA recent study has demonstrated the establishment of infection by X4 SHIV in macaques. 

However,, when macaques were inoculated with a mixture of R5 and X4 SHIV, the X4 SHIV 

rapidlyy disappeared, suggesting a higher fitness of the R5 variant early in infection [106], 

Clearancee of X4 variants but not R5 variants has previously been reported in a parenterally 

infectedd human as well [107]. 

Throughoutt infection, CD4' T cells arc the major target cells for HIV-1. CCR5 and CXCR4 

aree differentially expressed during T cell development. CXCR4 is highly expressed on CD3 

CD4'' CD8" intrathymic precursors, transiently downregulated during further development and 

againn upregulated on naive CD4* T cells when they leave the thymus. CCR5 is transiently 

upregulatedd on more mature CD3T CD4' CD8' thymocyte subsets, and again downregulated 

onn CD4 single positive thymocytes [108]. In the SC1D hu-thy/liv mouse model, X4 variants 

replicatedd rapidly in thymocytes, resulting in significant depletion of these cells, whereas 

replicationn and depletion by R5 variants was much slower [15]. 

Naivee and memory CD4* T cells express high levels of CXCR4 and can be productively 

infectedd in vivo by CXCR4-using HIV-1 variants [109]. CCR5 is mainly expressed on 

activatedd memory CD4+ T cells [109-111] and consequently these cells are the target cells for 

CCR5-usingg HIV-1 variants [109]. 

 Evolution of X4 HIV-1 variants 

Itt is unclear why X4 variants only develop in approximately half of the infected individuals, 

andd only when CD4* T cell numbers decline below approximately 400 cells per u.1 blood [12]. 

Onlyy a limited number of mutations are required for this phenotypic switch in vitro [25,27-

29,112].. This suggests restraints on the ability to establish a productive infection or on the 

availabilityy of susceptible target cells for X4 variants, rather than a difficulty to induce the 

switchh per se. If so, the factors that limit the emergence of X4 variants in the course of 

infectionn may be similar to the factors that determine the predominance of R5 variants early in 

infection. . 

Thee differential tropism of R5 and X4 variants for CCR5' and CXCR4+ T cell subsets may 

alsoo provide an explanation for the limited evolution of X4 variants. Based on the low number 

off  mutations required for a switch in phenotype, it can be expected that X4 variants evolve on 

multiplee occasions throughout infection. These newly evolved X4 variants may not be able to 

establishh productive infection due to the resting phenotype of their CXCR4* target cells. The 

generalisedd immune activation in later stages of infection [113,114] may result in proliferation 

off  naive cells and/or a cytokine milieu that may relieve the post-entry block in infection. This 

mayy allow productive infection of CXCR4' cells or rescue of labile intermediates of HIV-1 

replicationn [105]. At this stage newly emerging X4 HIV-1 variants may have a better chance 

off  encountering appropriate target cells that efficiently support replication than in the earlier 

phasess of infection and consequently, a X4 virus population can be established in the host. 

However,, it remains unclear why this only occurs in 50% of progressing HIV-1 infected 
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individuals. . 

Itt has been suggested that the number of available target cells, as defined by expression of the 
appropriatee coreceptor plays a role in the development of X4 variants: a low number of CCR5 
positivee cells would select for X4 variants which can "escape" the limited number of available 
targett cells. Additionally, availability of high numbers of CXCR4+ target cells would 
acceleratee evolution of X4 variants. However, we have shown that a low number of CXCR4+ 

CD4++ cells was associated with an enhanced rate of evolution of X4 variants [115]. 
Furthermore,, the mere number of CCR5+ cells nor a CCR5 A32 heterozygous genotype were 
associatedd with more rapid phenotypic switch [115-117]. 

Bothh R5 and X4 HIV variants continuously evolve as can be demonstrated in phylogenetic 
treee analysis on the basis of envelope sequences [72]. This evolution seems to be driven at 
leastt in part by increased efficiency of coreceptor usage. Indeed, as compared to the inhibition 
off  R5 and X4 viruses early in infection, the inhibition of late stage obtained R5 or X4 HIV 
variantss required higher concentrations of coreceptor ligands [72,118,119]. Moreover, 
pathogenicc R5 HIV variants associated with neurodegenerative manifestations of AIDS 
showedd increased CCR5 affinity as reflected by reduced sensitivity to CCR5 targeted 
inhibitorss [120]. 

 Cytopathicity and CD4+ T cell decline 

Thee appearance of X4 HIV-1 variants has been associated with a subsequent more rapid 
declinee of CD4 T cells and more rapid disease progression [13]. Before the identification of 
chemokinee receptors as the coreceptors for HIV-1, the differences in pathogenicity of R5 and 
X44 HIV-1 variants were thought to be due to differences in cytopathicity and replication rate. 
X44 variants in general replicate more rapidly and to higher levels than R5 variants and X4 
infectionn results in a more massive depletion of cells in vitro [16,18-20]. Now it is apparent 
thatt CCR5 and CXCR4 are not evenly distributed on the cells that have been used in these in 
vitrovitro assays. Therefore, insights in cytopathicity based on these models need to be redefined 
inn the context of the available target cells. Indeed, R5 and X4 HIV-1 variants were equally 
cytopathicc for the target cells expressing the appropriate coreceptors, resulting in depletion of 
thee cognate target cells [121,122]. 

Thee enhanced CD4+ T cell decline associated with the presence of X4 variants may therefore 
nott merely be due to a broader target cell range and more extensive replication of X4 HIV-1 
variants,, but rather to the infection and killing of naive T cells by which the exponential 
clonall  expansion of a progeny memory T cell daughter population is prevented [109]. 

Ann additional mechanism may be based on the ability of X4 HIV-1 variants to infect and 
depletee thymocytes more extensively than R5 variants [15]. The finding that naive CD8+ T 
cellss are somewhat reduced in patients with X4 variants as compared to patients with only R5 
variants,, may indeed suggest that thymocytes are infected and depleted by X4 variants [21]. 
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Infectionn of thymocytes was suggested to further interfere with T cell renewal and contribute 
too the enhanced CD4+ T cell decline associated with X4 HIV-1 variants. However, 
thymectomyy of macaques had absolutely no impact on the rate of CD4 cell decline after SIV 
infectionn [123]. 

 Coexistence ofR5 andX4 variants 

Afterr the evolution of X4 variants, R5 and X4 variants co-exist and both may even expand 
[124].. The coexistence of R5 and X4 variants can be explained by the availability of separate 
targett cell niches within the pool of memory cells, defined by the differential expression of 
CCR55 or CXCR4 on subsets of memory CD4" T cells. Indeed, R5 HIV could be isolated from 
thee CCR5 memory CD4+ T cell population whereas X4 variants were isolated from the 
CXCR4++ memory subset [109]. The existence of separate cellular niches was further 
supportedd by recent in vitro studies, which demonstrated that CD41 cells that express the 
homingg receptor for lymphoid tissue CD62L, also express CCR5 and CXCR4. These cells 
couldd only be infected with R5 HIV-1. In contrast, the CD4 CD62L cells, which express 
CXCR44 but not CCR5, were mainly infected by X4 HIV-1 variants [125]. 

Thee separate phylogenetic clustering of R5 and X4 viruses on the basis of gpl20 V3 
sequencess was not observed on the basis of pl7gag sequences of the same viruses. 
Independentt evolution of different genomic regions is considered evidence for recombination 
whichh implicates that R5 and X4 viruses in addition to their separate cellular niches must 
sharee a common target cell population [126]. 

 Molecular determinants of HIV-1 Envelope coreceptor usage 

Thee HIV-1 envelope protein mediates viral entry into the target cell. The HIV-1 160 kD 
(gpl60)) envelope precursor is cleaved by a cellular protease into two subunits: the membrane 
spanningg gp41 and the soluble gpl20 [127-129]. The gp41 and gpl20 subunits are non-
covalentlyy linked and form trimers on the surface of the HIV particle. 

Gpl200 consists of five constant regions (C1-C5) and five variable regions (V1-V5), and the 
proteinn structure consists of three domains, an inner and an outer domain which are connected 
byy a third domain, the so called bridging sheet. Only half of gp41 is exposed in the 
ectodomain,, separated by a transmembrane region, the intracellular part of gp41 is thought to 
anchorr the envelope complex to the underlying matrix [130]. The inner domain of gpl20 
containss the conserved N- and C-termini and is thought to interact with gp41 [131-133]. The 
outerr domain is highly glycosylated and is relatively variable. The bridging sheet consists of 
fourr anti-parallel P-strands and is involved in the binding of gpl20 to the chemokine receptor. 
Thee gpl20 core consists of 25 P-strands, 5 a-helices, and 10 loop segments and is folded into 
aa heart shaped globular structure [134]. 

24 4 
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Hairpin n 
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>> Fusion 

Coreceptorr bs 

Figur ee 1 Schematic representation of the entry process of HIV-1. 

A.. The viral envelope glycoproteins are expressed as a trimeric complex of gp120 noncovalently 
associatedd with gp41 on the surface of the virion. B. Binding of CD4 to the CD4 binding site (CD4 
bs)) of gp120 induces exposure of the coreceptor binding region (coreceptor bs) and the third 
variablee region of gp120 (V3) which in succession bind to a chemokine receptor. C. After 
chemokinee receptor binding, the fusion peptide of gp41 is inserted in the cell membrane via a 
prehairpinn intermediate, and subsequently the viral and cellular membranes are drawn in close 
proximityy in a hairpin structure (D), eventually resulting in fusion of the viral and cellular 
membraness and entry of the viral core into the cytoplasm. 

Gpl200 mediates attachment of the virion to the receptor complex on the cell surface. A highly 
conservedd groove in gpl20 associates with the most amino-terminal extracellular 
immunoglobulin-likee domain of the CD4 receptor, consequently a conformational change of 
thee envelope protein results in the exposure of the coreceptor-binding site on gpl20. After 
interactionn with the coreceptor, additional conformational changes within the gp41/gpl20 
trimerr trigger the insertion of the gp41 fusion peptide into the plasma membrane. This 
eventuallyy results in the fusion of the viral and cellular membrane and insertion of the viral 
coree into the cellular plasma (reviewed in [129,135,136], See Figure 1). 

Whilee the mechanism of the phenotypic switch from CCR5 to CXCR4 specificity is still 
unclear,, the interactions between gpl20 and the two coreceptors CCR5 and CXCR4 are better 
understood.. Much research has been done on gpl20 coreceptor binding by mutagenesis, 
antibodyy and antagonist inhibition and X-ray crystallography. The predicted coreceptor 
bindingg site on gpl20 has a hydrophobic core surrounded by a positively charged periphery 
andd consists of both conserved and variable residues [134,137,138]. The effect of single 
aminoo acid substitutions on coreceptor binding differed among different viral isolates, 
indicatingg a certain level of plasticity in gpl20-coreceptor binding. It is important to realize 
thatt a mutation at a given position in gp 120 could directly influence the physical interaction 
betweenn gpl20 and the coreceptor but hypothetically could also modify the tertiary structure 
andd stability of gpl20 which could affect the coreceptor preference of affinity [139]. 

Below,, we give an overview of what is known about the coreceptor binding site in gpl20, in 
thee light of coreceptor specificity and affinity. The information applies to subtype B HIV-1 
variants,, unless indicated otherwise. All gpl20 amino acid numbering used here, is according 
too the HXB2 strain amino acid positioning. 
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 Coreceptor usage and the variable regions in gpl20 

V3V3 loop 
Evenn before it was recognized that HIV tropism was largely explained by a difference in 
coreceptorr usage, it was found that the V3 loop was an important determinant for HIV-1 SI 
phenotypee and tropism [140-147]. Later it was recognized that even a single amino acid 
changee in V3 could switch coreceptor usage [25-29]. The residues at positions 306 and 322 in 
thee V3 region were specifically found to be of importance as one or both of these residues 
weree positively charged amino acids in 98% of CXCR4 using SI HIV variants [141]. 
Furthermore,, an increased positive charge of the V3 loop has often been associated with 
CXCR44 usage [26,141,142,148,149]. The involvement of the same fixed positions in the V3 
domainn in coreceptor usage was also demonstrated for clade A [150], clade C [151], clade E 
[152],, clade G [150] HIV variants. 

Moreover,, also for these non-clade B viruses, an increased positive charge of the V3 loop has 
beenn associated with CXCR4 usage [153,154]. Despite the similarities between clade B and 
non-BB viruses, differences in CCR5 binding have been reported for these groups of viruses, 
whichh were determined by a cluster of residues in the second extracellular domain of CCR5 
althoughh the viral determinant has not yet been identified [155]. 

Recentt studies have shown that CXCR4 usage is not a direct result of a high positive charge 
off  the V3 loop [156,157] but merely associated with the loss of an N-linked glycosylation site 
thatt accompanies a high positive charge of V3 sequences from primary isolates [158]. It has 
indeedd been demonstrated that the loss of an N-linked glycosylation site due to mutation of 
V33 N301 enhanced infectivity of X4 variants and reduced infectivity of R5 variants [159] 
whilee the same mutation in X4R5 variants led to an inability to use CCR5 [158,160,161]. 
Despitee its enhanced CXCR4 binding, this mutant R5X4 virus showed an increased 
sensitivityy to neutralizing antibodies and the natural CXCR4 ligand SDF-1 [161-164]. N301 
N-linkedd glycosylation thus seems to be directly involved in the interaction of R5 gpl20 with 
CCR55 while it hinders CXCR4 usage and shields the V3 loop from binding to neutralizing 
antibodies. . 

Residuee R298 in the V3 region is conserved among R5 and X4 HIV variants and is important 
forr CCR5 and CXCR4 binding but not coreceptor specificity [165-167], A 298R to K 
mutationn had no effect on CCR5 binding, while other residues at this position gave a marked 
reductionn in both CCR5 and CXCR4 binding. 

V1/V2V1/V2 loop 
Glycosylationn sites near the VI/V 2 loop have been implicated in the efficiency of coreceptor 
usage,, probably by maintenance of the conformation of the variable loops for interaction with 
thee receptors [158,160,168]. However, the impact of changes in the glycosylation of V1/V2 
wass limited as compared to importance of the V3 N-linked glycosylation at N301. 
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Delayedd infection of a R5 chimeric clone with an HXB2 V3 loop was restored by a mutation 
inn the VI region which resulted in the loss of a potential glycosylation site (136N to D) [149]. 
Thiss suggested a functional interaction between the V3 and the VI region [169]. 

Ass discussed above, gpl20 undergoes a conformational change after binding to CD4, which 
exposess the coreceptor binding site. HIV-1 strains that can replicate independent of CD4 have 
beenn generated. 

Itt is thought that in these viral isolates, the coreceptor binding site is already exposed. An 
HXB22 DV1/V2 mutant was found to bind to CXCR4 very efficiently in absence of sCD4 
[165],, which suggested that the V1/V2 loops are dispensable for coreceptor binding. A study 
onn a CD4 independent HIV-1 IIIB env clone (IIIBx) , showed that the determinants for CD4 
independencee of this clone map outside the VI/V 2 and V3 regions [170]. By contrast, a single 
pointt mutation in the C4 region (G431E) could render the CD4 independent IIIB variant fully 
CD44 dependent. For the HIV-1 R5 clone Ada, elimination of a single N-linked glycosylation 
sitee at position D197 in the V1/V2 stem region was sufficient for CD4 independent infection 
[171]. . 

Geneticc variation occurs predominantly as point mutations, but deletions and insertions are 
alsoo common, especially in the V2 and V4 regions. Length variation in V2 was found to be 
associatedd with an X4 phenotype in primary virus isolates [168,172]. PCR fragment length 
analysiss revealed that the V2 loop regions of X4 and R5 variants that were obtained just 
aroundd the moment of X4 conversion were longer than those from R5 variants obtained from 
individualss who had never developed X4 variants. 

Thee increase in V2 length provided an additional potential glycosylation site. The association 
betweenn CXCR4 usage and the length of the gpl20 V2 domain was recently confirmed [173], 
althoughh other studies have not found this correlation [174-176]. 

X44 and R5 variants isolated around the time of X4 conversion were also reported to have a 
significantlyy higher positively charged V2 loop than R5 variants [168,174,176]. Together with 
aa higher V3 loop charge, this suggests that the envelope proteins of X4 variants have a higher 
nett charge than R5 variants, which might be of influence on coreceptor specificity or affinity. 

ConservedConserved regions 

CCR55 is used as a coreceptor by several primate immunodeficiency viruses, suggesting that 
highlyy conserved residues in gpl20 might be involved in CCR5 binding. Indeed, the residues 
nearr the bridging sheet of gpl20 that have been implicated in CCR5 coreceptor usage are 
highlyy conserved [137,166,177,178]. This region is thought to undergo conformational 
changess after CD4 binding, resulting in an orientation towards the target cell, and facilitating 
bindingg to the coreceptor. HIV-1 neutralizing antibodies that target gpl20 epitopes that are 
exposedd after CD4 binding, the so-called CD4-induced (CD4i) epitopes, are able to block 
bindingg to CCR5 [179,180]. Mutagenic analyses have suggested that these CD4i epitopes 
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consistt of elements of the conserved stem of the VI /V2 stem-loop and the C4 region. The 

concentrationn of basic residues in this region may facilitate the interaction of gpl20 with the 

acidicc extracellular regions of the chemokine receptor. 

Mutagenesiss of the 420-422 IKQ motif and G441 has revealed that these residues are 

importantt for CCR5 binding [137,181]. Moreover, these mutations also had a negative effect 

onn replication of a R5 chimeric virus with a HXB2 V3 loop in a CXCR4 expressing cell line. 

AA single mutation in the C4 region (S440R) could restore the replication kinetics [182], 

indicatingg a functional interaction between V3 and C4 residues. A change in residue 440 

exertedd only modest effects on CCR5 binding [181]. These results suggest that a basic residue 

att position 440 is important for CXCR4 but not CCR5 usage. 

 Prediction of coreceptor usage on the basis of amino acid sequences? 

Thee HIV-1 SI phenotype and coreceptor usage are strong predictors for disease progression 

[13,183,184],, and much effort has been put into the prediction of these phenotypic traits of 

HIV-1 .. Sequence analysis might give an alternative to determination of the SI phenotype in 

thee MT2 cell line, which is a very reliable, yet laborious, method to determine CXCR4 usage 

[185]. . 

Thee V3 region is an important determinant for HIV-1 coreceptor usage and different models 

basedd on the V3 region sequence have been proposed to predict HIV-1 coreceptor usage 

[141,186-189].. From these V3 sequence motif-based models, the presence of positively 

chargedd amino acids at positions 306 and/or 322 [141,186] is the most reliable predictor of an 

SII  phenotype [190]. However, prediction reliability for CXCR4 usage with this rule was still 

beloww 50%, which is probably due to the fact that a basic residue at position 322 alone can not 

discriminatee between R5 and X4 sequences. 

Otherss have tried to improve this reliability by generating a neural network to predict CXCR4 

usagee based on V3 sequences and found that the reliability of this method indeed was higher 

thann the sequence motif-based method mentioned above [190]. Still, 69% reliability is too low 

forr clinical use and for this purpose the MT2 assay remains the most reliable readout system 

off  CXCR4 usage. However, the difficulty of predicting CXCR4 usage on V3 sequence alone 

underscoress the importance of other determinants for coreceptor usage elsewhere in gpl20. 

Indeed,, a set of gpl20 sequences available in the Los Alamos HIV Sequence Database has 

beenn analyzed for residues outside V3 that are associated to predicted R5 or X4 phenotype 

[139].. With this approach, which took the phylogenetic relationships among sequences into 

account,, a strong linkage between predicted coreceptor usage and a number of residues 

throughoutt gpl20 was found, of which residue 440 in C4 was most strong. As described 

above,, residue 440 in C4 was also related to coreceptor usage in experimental settings. The 

R55 genotype was strongly associated with an arginine residue at this position, while glutamic 

acidd at position 440 was over-represented in sequences with predicted X4 usage. In addition, 

aminoo acid positions 190 to 200 in the VI/V 2 stem correlated with coreceptor affinity but not 
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specificityy while the X4 genotype was found to be correlated with an increased net positive 
chargee in the V2 loop [139] while a correlation with V2 length was less pronounced. 

Thesee results show that neuronal networks and analysis of available sequences might well be 
usefull  to map patterns that are important for coreceptor usage apart from the more commonly 
usedd mutation and inhibition approach. 

 Concluding remarks 

Thee identification of chemokine receptors as coreceptors for HIV-1 has provided many novel 
insightss in AIDS pathogenesis. The major coreceptors for HIV-1 are CCR5 and CXCR4, 
whichh therefore represent promising targets for therapeutic interventions [64-68]. The current 
knowledgee on HIV-coreceptor interactions may allow for the sophisticated design of new 
coreceptorr antagonists that would be of great value in new therapy regimes. Alternatively, 
revealingg the site of action of currently available coreceptor antagonists may improve our 
understandingg on the viral molecular determinants for coreceptor usage. 
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