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Chapterr 1 Generall  introduction 

 General introduction 

Itt is estimated that worldwide over 20 million people have died of acquired 
immunodeficiencyy syndrome (AIDS) since the first cases of AIDS were identified in 1981 
andd that now almost 40 million people are infected with human immunodeficiency virus 
(HIV),, the causative agent of AIDS (UN AIDS 2004 report on global AIDS epidemic). Here, 
thee issues discussed in this thesis are shortly introduced. These include HIV-1 coreceptor 
usagee and cellular tropism, sensitivity to R5 entry inhibitors and possible determinants of 
resistancee to HIV infection in persistently seronegative individuals who are at high-risk for 
infection. . 

 HIV-1 replication cycle 

HIVV is a retrovirus of the family of lentiviridea. Viral entry into the host cell is dependent on 
bindingg of the HIV envelope protein (Env) to the cellular receptor CD4 and a coreceptor, 
generallyy either CCR5 or CXCR4 [1-4]. Rare HIV-1 variants have been found to use other G-
proteinn coupled receptors in vitro (reviewed in [5]), but there is littl e evidence of their 
importancee in HIV-1 infection in vivo. HIV-1 Env consists of the transmembrane 
glycoproteinn gp41 non-covalently bound to gpl20. Gpl20 consists of 5 constant regions (Cl-
C5)) alternated with 5 variable regions (VI- V5). Binding of gpl20 to CD4 is followed by 
repositioningg of the coreceptor binding site on the viral envelope. After binding of the 
receptors,, the cellular and viral membranes are in close proximity and the fusion protein gp41 
subsequentlyy mediates membrane fusion. This viral entry process is reviewed in [6,7] and 

CD44 coreceptor 

Figur ee 1 Schematic representation of the binding and entry of HIV-1 into a target cell. 

Thee HIV-1 particle (top) is spiked with gp41-gp120 envelope trimers. Binding of the gp120 CD4-
bindingg site (CD4 bs) to CD4 (a) results in exposure of the coreceptor-binding site (coreceptor bs) 
andd gp120 can subsequently bind to the appropriate coreceptor (b). After coreceptor binding the 
gp41gp41 fusion peptide is propelled into the cellular membrane. The viral and cellular membranes are 
drawnn in close proximity in a gp41 hairpin-like structure (c) allowing for membrane fusion and entry 
off the viral core into the cytoplasm. 

II I 
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schematicallyy depicted in Figure 1. After entry and uncoating of the viral core in the host cell, 
thee viral reverse transcriptase transcribes the RNA proviral genome into DNA and the viral 
genomicc DNA can be integrated into the host genome by the viral integrase enzyme. The viral 
regulatoryy protein Tat enhances viral gene transcription by host cell enzymes and Rev 
regulatess the translocation of unspliced viral genomic RNA from the nucleus. After protein 
transcriptionn by the cellular machinery and cutting of the viral proteins by the viral protease, 
neww virus particles assemble and bud from the infected cell. See Figure 2. 

 HIV-1 variability 

Becausee the viral reverse transcriptase is error prone and lacks proofreading activity, HIV-1 
hass a very high mutation rate. It is estimated that the HIV-1 reverse transcription gives rise to 
approximatelyy one nucleotide misincorporation in the viral genome in every replication round 
[8,9].. As a consequence many different closely related virus variants can be found in an 
infectedd individual. This swarm of closely related HIV variants is termed the quasispecies. 
Thee high mutation rate of the virus enables it to adapt to the host environment and evolve to 
escapee the human immune defence and develop resistance to antiviral drugs. Different HIV-1 
variantss may vary in coreceptor usage, cellular tropism, replication rate and sensitivity to 
inhibitingg agents such as antiviral drugs and entry inhibitors. 

 Coreceptor usage and cellular tropism 

Earlyy in HIV-1 infection generally only macrophage tropic virus variants are found that use 
CCR55 as coreceptor while later during infection variants may evolve that additionally or 
exclusivelyy use CXCR4 as coreceptor [2,10-12]. Before the difference in coreceptor usage 
wass known, CCR5-using (R5) viruses were termed non-syncytium inducing (NSI) and 

.„„  «?** - - £*«*& 

Figur ee 2 Schematic representation of HIV-1 replication cycle. 

HIV-11 binds to the cell (left), undergoes membrane fusion after which the viral core is released into the 
cytoplasm.. Successful entry is followed by uncoating of the viral core and the viral reverse 
transcriptasee enzyme transcribes the single stranded viral RNA into double-stranded proviral DNA that 
iss transported into the nucleus and is integrated into the host genome by the viral integrase enzyme. 
Transcriptionn of the proviral DNA genome produces new viral RNA copies and translation of (spliced) 
virall RNA produces new viral proteins. The viral proteins are cleaved by the viral protease and new 
virall particles can assemble, bud and be released from the cell (right). 
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CXCR4-usingg (X4 or R5/X4) viruses were termed syncytium inducing (SI) according to their 

capabilityy to infect and induce syncytia in the CXCR4-expressing MT2 cell line. Syncytia are 

largee multinucleated cells formed by fusion of multiple cells, the CD4 and CXCR4-

expressingg MT2 cells fuse with neighbouring cells when HIV-1 Env is expressed on the cell 

surfacee after infection. 

Thee differential coreceptor usage of the virus may partially explain the differential cellular 

tropismm of HIV-1 variants as macrophage tropic variants usually use CCR5, while T cell 

tropicc variants may use both CCR5 and/or CXCR4 and X4 variants are also found to infect 

naivee CD4 positive T cells. However, there is more to productive infection than entry into the 

hostt cell since many cellular factors are involved in processes such as uncoating, viral reverse 

transcriptionn and integration of the viral DNA into the host genome. Furthermore, as 

illustratedd in chapter 3, some X4 variants are also able to replicate in macrophages, 

illustratingg that coreceptor usage does not dictate viral tropism. 

Thee emergence of X4 variants is associated with a faster CD4 T cell decline and faster 

progressionn to AIDS [13]. But the mechanism of this increased disease progression and the 

reasonn why these X4 variants develop in some individuals and not in others are still not 

completelyy understood. The infection of naive T cells by X4 variants may explain the more 

rapidd CD4 T cell decline observed after emergence of X4 variants as infection and elimination 

off  naive cells and thymocytes directly interferes with T cell ontogeny [14,15]. Other 

explanationss for the more rapid decline include increased cytopathicity and target cell range 

off  X4 variants [16-20], increased immune activation [21] and X4 HIV-1-induced bystander 

killin gg [22-24]. It has been suggested that the faster decline of CD4 cells is not caused by the 

emergencee of X4 variants, but that the faster decline and X4 emergence are mutual 

consequencess of a failing immune system [12]. However, in that case it is hard to explain why 

thee emergence of X4 variants is only observed in about half of infected patients and not in a 

higherr number of progressing patients since only a few amino acid changes in gpl20 are 

necessaryy for a change from CCR5 to CXCR4 usage in vitro [12,25-29]. These issues are 

furtherr discussed in chapter 2. 

 Entry inhibitors 

HIV-11 can develop resistance to antiretroviral drugs in individuals receiving therapy. 

However,, treatment with several drugs at the same time, targeting different viral functions, is 

veryy efficient to impede the development of drug resistance and viral escape mutations 

generallyy reduce viral fitness compared to wild type viruses in the absence of the drug. 

Nevertheless,, an increasing percentage of new infections in North America and Western 

Europee are established by variants harbouring such drug resistance mutations [30,31]. 

Therefore,, a continuous effort is put into the development of new anti-retroviral drugs. Entry 

inhibitorss are a class of drugs of which some are now in development for clinical application 

[32-35],, These target the cellular attachment and subsequent entry of the virus into the target 
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cell.. Some entry inhibitors target the binding to the cellular receptor CD4, others the specific 

bindingg to CCR.5 or CXCR4 and others the subsequent fusion of the viral and cellular 

membranes.. The natural ligands of CCR5 (RANTES, MlPla and MIPlp) and CXCR4 (SDF-

la)) also inhibit viral entry into the target cell in vitro. 

Ass mentioned above, HIV-1 variants may vary in their sensitivity to entry inhibitors. Env is 

thee most variable HIV protein, so the use of entry inhibitors may be complicated by 

significantt variability in sensitivity of diverse HIV-1 strains to these drugs. Characterization 

off  viral and host determinants of entry inhibitor sensitivity may provide information to guide 

clinicall  application of entry inhibitors. Chapter 4 describes the sensitivity to RANTES 

inhibitionn in vitro of R5 variants isolated relatively early and late in infection from individuals 

whoo harboured solely R5 variants during follow-up. The correlation of R5 sensitivity to 

RANTESS and two pharmaceutical R5 inhibitors, AD101 and TAK-779, is examined in 

chapterr 5. 

Too identify the viral determinants for entry inhibitor sensitivity, mutational analyses and 

phenotypicc analyses concerning receptor affinity and fusion kinetics should be performed. 

However,, the most straightforward approach to examine the molecular determinants that 

influencee drug resistance is to start by determining nucleotide sequences of the viral gene 

targetedd by the drug or otherwise involved in the sensitivity to the drug. In the case of entry 

inhibitorss the viral env gene would be your candidate. Since Env gpl20 is involved in binding 

too the cellular receptors, gpl20 nucleotide sequences of the R5 variants tested for sensitivity 

too inhibition by RANTES, AD101 and TAK-779 were determined in search for residues that 

mayy influence the natural evolution of sensitivity to entry inhibitors. However, gpl20 

evolutionn may differ between patients and it may not be easy to find consistent changes that 

correlatee with sensitivity to entry inhibitors. Part of this research is described in chapter 6. 

 High-risk seronegative individuals 

Thee 'holy grail' of HIV research is to find a way to eradicate the virus from infected 

individualss and to bring spread of infection to halt by means of a vaccine or other means to 

preventt transmission of the virus to a new host. (Admittedly, a first-rate priority would 

includee sexual education and emancipation as those may have great impact on the epidemical 

spreadd of the virus, especially in second and third world countries. Even so, a biochemical 

wayy to hamper spread of the virus remains crucial.) However, it has turned out neither to be 

easyy to find a way to eradicate the virus from infected individuals nor to find an efficient 

vaccinee against HIV-1 as extensive research in the passing two decades has not yet succeeded. 

Concerningg the latter, an intriguing line of research examines HIV-exposed seronegative 

individualss in search for mechanisms of possible natural resistance to HIV infection. These 

individualss have been at high-risk for HIV-1 infection but remain persistently seronegative. 

Chapterr 7 describes our initial research on such high-risk seronegative homosexual men. It 

describess both genetic and immunological determinants that may influence possible resistance 

14 4 
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too HIV infection. A possible role for immune activation in the risk of HIV-1 transmission and 
subsequentt seroconversion is examined in chapter 8 and the detection of HIV-1 DNA in 
exposedd seronegative individuals is described in chapter 9. 
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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 

iL) ) 
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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]. 

i \ \ 
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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]. 
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Hairpin n 
structure e 

>> 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/V2 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/V2 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/V2 stem correlated with coreceptor affinity but not 
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Chapterr 2 \\ 11V-1 coreceptor usage 

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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Abstract Abstract 

InIn two cases of parenteral transmission of human immunodeficiency virus type 1 

(HIV-1)(HIV-1) syncytium-inducing (SI) variants, we previously observed selection for 

macrophagetropicmacrophagetropic variants. Although infection of macrophages is generally 

mediatedmediated via CCR5, we found no selection for SI variants that could use CCR5 as 

coreceptorcoreceptor in addition to CXCR4, suggesting that features other than coreceptor 

usageusage account for the macrophagetropism of these transmitted SI HIV-1 variants. 

•• Methods, Results and Discussion 

Humann immunodeficiency virus type 1 (HIV-1) isolates can display differences in biological 

properties,, such as replication rate, syncytium-inducing (SI) capacity, and cytotropism 

[10,19,43,191].. In newly infected individuals, generally only non-syncytium-inducing (NSI) 

HIV-11 variants are present [10]. These NSI variants persist during all stages of infection, 

whilee T-cell line-tropic SI variants appear in the course of infection in about 50% of infected 

individualss [13,43]. The predominance of NSI HIV-1 variants in early stages of infection has 

beenn attributed to their macrophagetropism [42]. Since mainly macrophagetropic HIV 

variantss can be detected during primary infection, macrophages have long been considered to 

bee the port of entry during virus transmission [41]. Recently, however, in situ hybridization 

hass identified CD4+ T cells as the only HIV-infected cells during primary infection [88,89], 

Howw this fits with the tropism of early isolates remains to be established. The capacity to 

replicatee in macrophages is generally determined by the capacity to use (3-chemokine receptor 

CCR55 as coreceptor to infect CD4-positive cells [3,192-195]. This CCR5 coreceptor usage is 

aa characteristic of NSI HIV-1 variants, whereas SI HIV variants alternatively or additionally 

usee the a-chemokine receptor CXCR4 as coreceptor [4,196]. 

Ass might be expected since CCR5-restricted NSI variants generally initiate HIV-1 infection, 

individualss homozygous for a 32-bp deletion in the CCR5 gene (CCR5 A32/A32) are highly 

resistantt to HIV-1 infection [62,63,197,198]. This is in concordance with the observation that 

exposedd but uninfected individuals with a CCR5 wild-type (WT/WT) genotype have a low 

levell of CCR5 expression and a high level of b-chemokine production [199], However, SI, 

CXCR4-usingg HIV-1 variants can be transmitted [200], as was also demonstrated by the rare 

casess of HIV-1-infected individuals with a CCR5 A32/A32 genotype [90-92]. 

Previously,, we reported the transmission of SI HIV-1 variants in two parenteral transmission 

cases.. In one case, a male recipient (Amsl27) had been accidentally injected with a minute 

amountt of blood from an HIV-1-infected male (ACH704) suffering from wasting syndrome 

CDCC IVa [201]. In the other case, a female recipient (ACH9012) was deliberately injected 

withh a few milliliters of blood from an AIDS patient (Amsl99) [202]. The transmitted SI 

variantss were highly macrophagetropic, more so than SI variants isolated from the donors 

(ACH7044 and Amsl99) at the time of transmission [41]. 

Sincee macrophagetropism is a feature generally attributed to CCR5-using NSI HIV-1 variants, 
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wee hypothesized that this selection for macrophagetropism of transmitted SI variants might be 
associatedd with a selection for SI variants that use CCR.5 in addition to CXCR4. Therefore, 
wee analyzed the coreceptor usage of biological HIV-1 clones obtained from the virus donors 
aroundd the moment of transmission and from the recipients at one or two time points after 
seroconversionn [10]. These biological virus clones were previously obtained by coculture of 
cryopreservedd patient peripheral blood mononuclear cells (PBMCs) with phytohemagglutinin 
(PHA)-stimulatedd healthy-donor PBMCs as previously described [10]. Three clones from 
recipientt Amsl27 were isolated on monocyte-derived macrophages (MDM) [10]. The 
envelopee variable region 3 (V3) sequence of the biological virus clones was previously 
determinedd [41 ] (Table 1). 

Biologicall virus clones were analyzed for coreceptor usage by using U87 astroglioma cells 
stablyy transfected with CD4 and coreceptor CCR3, CCR5, or CXCR4. Virus stocks were 
preparedd on PHA-stimulated PBMCs. The U87 cells were inoculated with at least 100 50% 
tissuee culture infective doses (TCID50) of the different biological HIV-1 clones. The 
emergencee of HIV p24 antigen in the culture supernatant was indicative of productive 
infectionn and reflected the capacity of the biological HIV-1 clone to use the coreceptor that 
wass expressed by the inoculated cells. The expression of CD4 and additional HIV-1 
coreceptorss by the cells used was routinely confirmed by fluorescence-activated cell sorter 
(FACS)) analysis (data not shown). Furthermore, replication in PHA-stimulated PBMCs from 
aa healthy donor homozygous for the 32-bp deletion in CCR5 was determined to investigate if 
thee different biological virus clones were dependent on CCR5 expression for replication in 
primaryy cells (Table 1). 

AA total of 11 biological virus clones were available from a blood sample obtained from donor 
ACH7044 8 months before the moment of transmission. Six of these biological virus clones 
hadd the NSI phenotype and five had the SI phenotype, as determined with the MT-2 cell line 
[13]] (Table 1). The majority of the NSI clones was able to infect MDM, whereas only one of 
thee SI variants (no. 4) from donor ACH704 was macrophagetropic [41] (Table 1). 
Interestingly,, all biological virus clones isolated from recipient Amsl27 had the SI phenotype 
andd the same envelope V3 sequence as the macrophagetropic SI variant (no. 4) from donor 
ACH704,, possibly due to the low inoculum concentration. The biological virus clones that 
weree obtained early after seroconversion (n=7) were all macrophagetropic, whereas the clones 
obtainedd 5.5 months after seroconversion (n=4) lacked the capacity to replicate in 
macrophages.. As concluded previously [41], this implies that sequence changes in the 
genomess of the different biological HIV-1 clones outside the V3 loop region may account for 
thee difference in phenotypic properties of the clones. 

Almostt all biological virus clones from ACH704 and Amsl27 were able to use CCR5 as a 
coreceptorr on the U87 cells (Table 1). The majority of SI clones additionally used CCR3 and 
CXCR44 when expressed on U87 CD4-positive cells. However, the two highly 
macrophagetropicc SI clones from recipient Amsl27 isolated on MDM 1.5 months after 
exposuree were restricted to CXCR4 usage on the U87 cells. 
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Surprisingly,, we found that three of the six NSI biological virus clones from donor ACH704 
replicatedd in the CXCR4-expressing U87 cells and one even replicated in the CCR3-
expressingg cells (Table 1). Sequence analysis following infection of the CXCR4-expressing 
U877 cells confirmed the NSI type envelope V3 sequences [141] found previously [41] {data 
nott shown), excluding contamination with other HIV-1 clones. However, the observation that 
thesee NSI virus clones did not replicate in PHA-stimulated PBMCs from a healthy CCR5 
A32/A322 donor indicated their dependence on CCR5 expression for replication in primary 
cells,, irrespective of their coreceptor repertoire in U87 cells. 

Inn the other transmission case, both NSI and SI HIV-1 variants of donor Amsl99 were 
transmittedd to the recipient (ACH9012). We previously described a majority of highly 
macrophagetropicc HIV-1 clones in the recipient and selective expansion of NSI variants [41]. 
Alll NSI clones from donor Amsl99 (n=10) and recipient ACH9012 (n=5) tested in this study 
weree CCR5 restricted in the U87 astroglioma cells. The five donor-derived SI clones with V3 
sequencee no. 5 were CXCR4 restricted, whereas one of the two SI clones (no. 5) from the 
recipientt could use both CXCR4 and CCR5. All SI variants of both donors and recipients 
couldd replicate in PHA-PBMCs with a CCR5 A32/A32 genotype (Table 1), indicating that 
thesee clones can use coreceptors other than CCR5, also on primary cells. None of the NSI 
variantss could replicate in these CCR5-lacking PBMCs (Table I), indicating that the NSI 
variantss are indeed dependent on CCR5 expression for replication in primary cells. 

Sincee some highly macrophagetropic SI variants from both recipients were found to be 
CXCR44 restricted on the U87 cells, we wanted to test whether these transmitted SI variants 
weree also CXCR4 restricted on primary cells. Therefore, we cultured the biological virus 
clonesclones on PHA-stimulated PBMCs in the presence of the CXCR4 antagonist AMD3100 [68] 
orr CXCR4 ligand SDF-la [203]. In addition, RANTES was used to investigate if replication 
off the macrophagetropic SI variants would be inhibited by blocking CCR5. A mixture of 
PBMCss from seven healthy donors with a homozygous CCR5 WT genotype was prepared, 
cryopreserved,, and used for all inhibition studies. PHA-PBMCs (106 cells/ml) were incubated 
forr 3 h in the presence or absence of inhibitory concentrations of RANTES (1.25 ug/ml; 
Nationall Institutes of Health AIDS reagents program), AMD3100 (1 ug/ml; synthesized by 
G.Bridger,, AnorMed, Langley, Canada), or SDF-la (2.5 ug/ml; Stratmann Biotech, 
Hannover,, Germany). Then, 105 cells were inoculated with at least 50 TCID50 of the different 
biologicall HIV-1 clones. After overnight inoculation, the cells were washed once and fresh 
mediumm with or without RANTES, AMD3100, or SDF-la was added. The emergence of HIV 
p244 antigen in the culture supernatant, harvested 7, 11, and 14 days after inoculation, was 
indicativee of productive infection. In the absence of any blocking agent, all biological virus 
clonesclones produced high levels of p24 antigen on PHA-PBMCs. The absence of p24 production 
wass taken to be indicative of complete inhibition of replication. All measurements were 
performedd in triplicate. 

Alll NSI variants tested (n=4) were completely inhibited by RANTES irrespective of 
coreceptorr usage on the U87 cells, whereas addition of AMD3100 and SDF-la had no effect 
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CD144 CD14 
Figur ee 1 (A) FACS analysis of CD45RO and CCR5 expression on unstimulated, cryopreserved 
CD4-positivee lymphocytes from a healthy donor (HD1) and two HIV-1 recipients, Ams127 and 
ACH9012.. PBMC samples were obtained 1 day (Ams127) and 4 months (ACH9012) after the 
momentt of transmission. In three quadrants of each plot, the percentage of total CD4-positive 
lymphocytess is depicted. (B) FACS analysis of CD14 and CCR5 expression on unstimulated, 
cryopreservedd monocytes from a healthy donor (HD1) and HIV-1 recipients Ams127 and 
ACH9012.. PBMC samples were obtained 1 day (Ams127) and four and a half months (ACH9012) 
afterr transmission. In three quadrants of each plot, the percentage of total monocytes is depicted. 
Thee quadrants are set according to the immunoglobulin G isotype control for each blood donor in 
eachh experiment. 

onn in vitro replication of these variants (Table 1). This indicated that these NSI variants are 
indeedd dependent on CCR5 usage for replication in PBMCs, which is in agreement with their 
inabilityy to replicate in CCR5 A32/A32 PBMCs. 

Thee replication of all SI variants tested (n=28) was blocked by AMD3100, except for the SI 
variantt isolated from recipient ACH9012 that could use both CXCR4 and CCR5 on U87 cells. 
Somee residual p24 production was observed when cells were inoculated with this variant in 
thee presence of AMD3100, suggesting that it indeed has the ability to use CCR5 or another 
coreceptorr apart from CXCR4 on PBMCs. Nevertheless, RANTES inhibited the p24 
productionn of none of the SI HIV-1 variants (Table 1). 

SDF-laa was not as efficient as AMD3100 in the blocking of CXCR4 usage. Replication of 
mostt of the SI variants was inhibited by SDF-la, but residual p24 production could always be 
observedd (Table 1). 

Thesee results indicate that, except for the dualtropic SI variant isolated from recipient 
ACH9012,, all SI variants are dependent on CXCR4 usage on PBMCs irrespective of their 
coreceptorr usage repertoire on the U87 cell line, since their replication is totally inhibited by 
additionn of AMD3100. 
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Takenn together, all our results indicate that the observed selection for macrophagetropism 
afterr transmission cannot be explained by selection for CCR5 coreceptor usage. CCR5 
expressionn may influence inter- and intrapatient selection of coreceptor usage of HIV-1 
variants.. The homozygous genotype of Amsl27, the 32-bp deletion of CCR5, could have 
explainedd the absence of NSI variants in this recipient. Therefore, the CCR5 genes of all four 
individualss were analyzed for the 32-bp deletion by PCR analysis, as described previously 
[116].. Donor ACH704 was found to be heterozygous for the 32-bp deletion in the CCR5 gene 
(A32/WT),, and the other three were homozygous for the wild-type gene (WT/WT) (Table 1). 

Ass coreceptor expression may be influenced by other polymorphisms, we additionally 
performedd four-color flow cytometry on cryopreserved, unstimulated PBMCs from the 
recipientss that had been collected around the time of transmission as well as from two HIV-
negative,, healthy donors. Staining was performed for 20 min at 4°C. For the analysis of 
coreceptorr expression on lymphocytes, we used a combination of CD4 (-PerCP; Becton 
Dickinsonn [BD], San Jose, Calif.), CD45RO (-allophycocyanin; BD), CCR5 (2D7-fluorescein 
isothiocyanate;; PharMingen, San Diego, Calif), and CXCR4 (12G5-phycoerythrin; 
PharMingen).. For the analysis of coreceptor expression on monocytes, we used a combination 
off CD4 {-PerCP; BD), CD14 (-allophycocyanin; Caltag Laboratories, Burlingame, Calif), 
CCR55 (2D7-fluorescein isothiocyanate; PharMingen), and CXCR4 (12G5-phycoerythrin; 
PharMingen).Analysiss was performed on a FACScalibur (BD). 

Wee observed high expression levels of CCR5 on CD4-positive lymphocytes isolated 1 day 
(Amsl27)) and 4 months (ACH9012) after the moment of transmission compared to the CCR5 
expressionn level on cryopreserved PBMCs from an uninfected, healthy donor (Fig. la). CCR5 
wass mostly expressed on CD45R01 ("memory") lymphocytes. This high level of expression 
mostt likely reflects the activation of the immune system as a consequence of HIV-1 infection 
[204,205].. No difference was observed for the expression levels of CXCR4 in comparison to 
thosee in cells from healthy donors (data not shown). The level of coreceptor expression on the 
recipient'ss monocytes/macrophages might be particularly relevant with respect to 
transmission.. We observed high expression levels of CCR5 on unstimulated, CD 14* 
monocytess isolated 1 day (Amsl27) and four and a half months (ACH9012) after 
transmissionn (Fig. lb). No difference was observed for the expression levels of CXCR4 on the 
monocytess in comparison to that of cells from healthy donors (data not shown). Therefore, the 
transmissionn of CXCR4 using SI HIV-1 variants cannot be explained by a low level of 
expressionn of CCR5 or a high level of expression of CXCR4 in the recipients. 

Inn conclusion, in contradiction with our hypothesis, our results imply that the selection for 
macrophagetropicc SI HIV-1 variants during transmission is not associated with a selection for 
CCR55 usage in addition to the CXCR4 usage of these SI variants on primary cells. On the 
contrary,, in both recipients we found CXCR4-restricted SI clones that were able to efficiently 
infectt macrophages, which confirms the finding that infection of macrophages can be 
mediatedd via coreceptors other than CCR5 [206,207]. These results suggest that features other 
thann coreceptor usage must account for the macrophagetropism of the transmitted SI variants 
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investigatedd in this study. 

Ass both recipients had a wild-type CCR5 genotype and high expression levels of this p-

chemokinee receptor on CD4-positive lymphocytes and monocytes, a lack of CCR.5 expression 

couldd not explain the transmission and persistence of CXCR4-restricted SI variants in these 

twoo cases. 

Thee efficiency of transmission of different HIV-1 variants may depend on the route of 

transmission.. This has also been indicated by the controversial results on possible protection 

off the CCR5 A32/A32 genotype against parenteral transmission of HIV-1 [208-210]. Whether 

orr not vertical or sexual transmission is established only by CCR5 using viruses remains to be 

established. . 
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Abstract Abstract 

InIn approximately half of human immunodeficiency virus (HIV) type I-infected 

individuals,individuals, the development of CXC chemokine receptor 4-using, syncytium-

inducinginducing (SI) virus variants precedes a rapid progression to acquired 

immunodeficiencyimmunodeficiency syndrome (AIDS). In other individuals, only CC chemokine 

receptorreceptor 5-using (R5), non-SI (NSI) virus variants are present throughout infection. 

TheseThese individuals may be either long-term survivors (LTSs) or rapidprogressors. 

TheThe basis for this variable disease progression in individuals with only R5 virus 

variantsvariants is not yet fully understood. In this study, the fi-chemokine sensitivity of 

biologicalbiological HIV-1 clones isolated from 13 individuals who harbored only R5, NSI 

virusvirus variants (7 LTSs and 6 progressors) was investigated. We found a statistically 

significantsignificant decrease in sensitivity of virus variants to RANTES (regulated on 

activation,activation, normally T cell-expressed and -secreted) neutralization during the 

coursecourse of progressive infection, but not during follow-up of LTSs. Our data suggest 

thatthat a role exists for RANTES neutralization sensitivity of HIV-1 in AIDS 

pathogenesis. pathogenesis. 

 Introduction 

Forr entry of human immunodeficiency virus (HIV) type 1 into a target cell, a coreceptor is 

necessary,, in addition to the principal receptor CD4. The 2 major coreceptors for HIV-1 are 

CCR55 and CXCR4 [3,4], In general, HIV-1 infection is established by macrophagetropic, 

CCR5-usingg (R5), non-syncytium-inducing (NSI) virus variants. In approximately half of 

HIV-1-infectedd individuals, progression to AIDS is preceded by the development of CXCR4-

usingg (X4), syncytium-inducing (SI) HIV-1 variants [13]. This expanded coreceptor usage, 

however,, is not a prerequisite for disease progression [118,211], because many infected 

individualss progress to AIDS in the presence of only R5, NSI virus variants [13,43,212]. 

Althoughh long-term, nonprogressive HIV-1 infection is associated with the presence of only 

R55 virus variants [213,214], some individuals with only R5 HIV-1 variants progress to AIDS 

rapidly.. It was found that these rapid progressors with R5, NSI virus variants had a higher 

viruss load in vivo and that their viruses showed a higher replication rate and increased 

cytopathicityy in vitro, compared with those of long-term survivors (LTSs) [215]. 

Becausee the P-chemokines RANTES, macrophage inflammatory protein (MlP)-la , and MIP-

ipp down-regulate CCR5 expression and reduce HIV-1 CCR5 usage [216-218], one might 

assumee that a role exists for p-chemokines in the pathogenesis of AIDS and in vivo evolution 

off HIV-1. In HIV-1-infected individuals, the expression of P-chemokines is strongly 

enhancedd in the lymph nodes [219]. Furthermore, CD4+ cells from exposed, uninfected 

individualss showed a high level of p-chemokine production, compared with those from 

controll subjects [199,220], and P-chemokine production in HIV-positive individuals without 

AIDSS was found to be higher than that in individuals who had progressed to AIDS [221]. 

Moreover,, in nonprogressors, both CD8* and CD4f cells produced p-chemokines, whereas, in 
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Tabl ee 1 Diagnosis and genotype from 13 
participantss of the Amsterdam Cohort for 
Homosexuall men. 

Patient Patient 

68 8 

441 1 

583 3 

16 6 

78 8 

337 7 

434 4 

53 3 

142 2 

424 4 

38 8 

172 2 

617 7 

HlY-1 HlY-1 

statusstatus at 

study study 

entry entry 

--
--

--
--
+ + 

--
--

--

--
> > 

Diagnosis'' Diagnosis'' 

(months(months after 

seroconversi seroconversi 

onon or entry) 

ass (1 5 1) 

as(152) ) 

as(149) ) 

as(143) ) 

as(124) ) 

as(142) ) 

ass (140) 

PCP(76) ) 

KS(109) ) 

COO (38) 

KS(101) ) 

KS(25) ) 

NHLL (136) 

Genotype Genotype 

CCR5 CCR5 

WT T 

WT T 

WT T 

A322 WT 

A32WT T 

A32/WT T 

A32/WT T 

WT T 

WT T 

WT T 

A32/WT T 

A32/WT T 

A32/WT T 

CCRJh CCRJh 

WT T 

WT T 

WT T 

WT T 

WT T 

64I/WT T 

WT T 

WT T 

WT T 

WT T 

WT T 

WT T 

WT T 

33 Diagnosis by end of follow-up, end of follow-up 
iss defined as April 1997 or start of therapy for LTS 
andd the moment of AIDS diagnosis for 
progressors.. as, asymptomatic; PCP, 
PneumocystisPneumocystis carninii pneumonia; KS, Kaposi's 
sarcoma;; CO, esophageal Candidiasis; NHL, 
non-Hodgkin'ss lymphoma; WT, CCR5 or CCR2b 
homozygouss wild type genotype; A32/WT, CCR5 
A322 heterozygote; 64I/WT, CCR2b 64I 
heterozygote. . 

patientss with AIDS, only the CD8* cells 

didd [222]. These results suggest that a 

highh p-chemokine production of CD4+ 

cellss might confer protection against both 

HIV-11 infection and progression to AIDS. 

Wee hypothesized that, in addition to the 

levell of p-chemokine production in the 

host,, the sensitivity of the virus to (3-

chemokinee neutralization might also 

influencee disease progression. If (3-

chemokiness exert a selective pressure in 

vivoo favoring the emergence of variants 

thatt are insensitive to their control, one 

mightt consider SI variants as escape 

variants.. A decrease in sensitivity of the 

viruss to these P-chemokines during 

progressionn to AIDS may also occur in 

individualss who do not develop SI 

variants.. Therefore, we compared primary 

R55 HIV-1 variants, which were isolated at 

aa relatively early and a late moment in 

infectionn from progressors and LTSs, for 

theirr sensitivity to p-chemokine 

neutralization. . 

•• Subjects, Materials, and Methods 

Subjects.Subjects. From the Amsterdam Cohort of Homosexual Men (ACH), 13 participants who 

harboredd only NSI HIV-1 variants for the entire duration of follow-up were selected [211]. 

Alll patients gave written, informed consent before entering the original studies and gave 

consentt for storing specimens for later studies of any type. This work was performed as part 

off the Amsterdam Cohort Studies on HIV infection and AIDS, a collaboration between the 

Municipall Health Service, the Academic Medical Center, and Sanquin Research at CLB 

(Amsterdam).. By April 1997, 7 of these individuals had been asymptomatic and seropositive 

forr at least 11 years, with relatively stable CD4+ T cell counts, in the absence of antiretroviral 

therapy.. These individuals were classified as LTSs: ACH 16, 68, 78, 337, 434, 441, and 583 

(meann duration of seropositive follow-up, 142 months; range, 136-146 months); 3 individuals 

weree classified as rapid progressors: ACH 53, 172, and 424 (AIDS diagnosis after 25-76 

monthss of follow-up); 2 individuals were classified as typical progressors: ACH 38 and 142 

(AIDSS diagnosis after 99 and 109 months of follow-up, respectively); and 1 individual was 
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Figur ee 1 (continued).  Longitudinal analysis of CD4+ T cell counts and virus load of long term 
survivorss (LTSs) (A) and progressors (B). Patient nos. are indicated in the upper left corner of each 
graph.. CD4+ T cell counts (cells ><103/mL) are indicated by triangles (left Y-axis), and human 
immunodeficiencyy virus (HIV) RNA loads are indicated by open circles (right Y-axis). Filled 
arrowheadss on the X-axis indicate time points of clonal isolation of HIV-1 variants that were 
analyzedd for p-chemokine neutralization sensitivity. Open arrowheads indicate the time point of 
AIDSS diagnosis. Follow-up is indicated in months after HIV-1 seroconversion or seropositive entry 
inn cohort studies. Figure is adapted from De Roda Husman et al. [211]. 
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classifiedd as a slow progressor: ACH 617 
(AIDSS diagnosis after 136 months of follow-
up).. Analysis of CD4+ T cell counts, 
quantificationn of serum HIV-1 RNA load, 
andd CCR5 and CCR2b genotyping of the 
individualss were performed previously [211] 
(figuree 1 and table 1). 
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Figur ee 2. Potency of inhibition of R5 human 
immunodeficiencyy virus type 1 replication by (3-
chemokines.. Each dot represents the IC50 
valuee of an individual biological human 
immunodeficiencyy virus clone of the given p-
chemokinee (X-axis). The mean IC50 value of 
eachh (3-chemokine is depicted by a horizontal 
line.. MIP, macrophage inflammatory 
protein;Mix,, 1:1:1 mixture of the 3 3-
chemokines. . 

VirusVirus isolation, SI phenotyping, and 
characterizationcharacterization of coreceptor usage. 
Biologicall virus clones were isolated from 
patients'' peripheral blood mononuclear cell 
(PBMC)) samples obtained at >2 time points 
[211].. One time point was chosen early in 
thee course of follow-up (mean, 22 and 17 
monthss for LTSs and progressors, 
respectively),, and the other was chosen as 
latee as possible in the course of follow-up, for LTSs (mean, 113 months), or around the time 
off AIDS diagnosis, for progressors (mean, 77 months). At least 2 biological virus clones per 
timee point were tested for sensitivity to neutralization by (3-chemokines. 

SII phenotyping was performed on the MT2 cell line. Characterization of coreceptor usage was 
performedd on astroglioma cell lines stably transfected with CD4 and either CCR3, CXCR4, or 
CCR55 and specified on CCR5-A32 homozygous PBMCs [211]. Cell free virus stocks were 
grownn on phytohemagglutinin (PHA)-stimulated donor PBMCs and were preserved at -70°C. 

P-chemokineP-chemokine neutralization assay. PBMCs from 10 uninfected, CCR5 A32 wild-type, 
healthyy blood donors were isolated, pooled, and cryopreserved. All experiments, including 
titrationn of virus stocks, were performed on this stock of cryo-preserved, healthy-donor 
PBMCC mixture, to eliminate possible variations caused by differences in infectability of 
PBMCs.. Neutralization assays were performed as follows. Pooled donor PBMCs, stimulated 
forr 3 days with PHA, were depleted of CD8" cells by use of magnetic beads (MACS; Miltenyi 
Biotec),, according to the manufacturer's protocol, and then were pre-incubated for 3 h at 37°C 
withh 2-fold serial dilutions of either RANTES, MlP-la, or MIP-10 (PeproTech) or a 1:1:1 
mixturee of these 3 [3-chemokines with the same total concentration (hereafter referred to as 
"Mix";; concentrations used were 8, 16, 32, 63, 125, and 250 ng/mL). Cells were then 
inoculatedd in 96-well plates (105 cells/well) with 20 TCID50 of a virus isolate (final volume, 
2000 uL/well) and were incubated overnight at 37°C. Supernatant was removed, and cells were 
resuspendedd in fresh medium with appropriate P-chemokine concentrations. Production of 
p244 was measured in supernatant samples taken at days 7, 10, and 14 after infection, using an 
in-housee p24-antigen capture ELISA [223]. p24 antigen levels from cultures inoculated in the 
absencee of [3-chemokines were designated as maximum virus production, and the ratios of p24 
productionn in (3-chemokine-containing cultures were calculated relative to these maximum 
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values.. Supernatant from cells that were not 
incubatedd with either (3-chemokines or virus 
wass used for background values of the p24 
ELISA.. All measurements were performed 
inn triplicate. 

DeterminationDetermination of ICso and lC<to. The (3-
chemokinee concentrations causing 50% and 
90%% reduction in p24 antigen production 
(IC500 and IC90) 14 days after infection were 
determinedd by a 4-parametric logistic 
analysiss [224]. If the appropriate degree of 
inhibitionn was not achieved at the highest [3-
chemokinee concentration, a value >250 

ng/mLL was recorded, and, in figures and statistical tests, we assumed these to be equal to 250 
ng/mL. . 

StatisticalStatistical analysis. The Mann-Whitney U test was used to compare unpaired groups. 
Wilcoxonn signed rank test was used to compare IC50 and IC90 values per individual over time. 
Statisticall analyses were performed using SPSS software (version 10.0; SPSS). 

Figur ee 3. RANTES neutralization sensitivity 
overr time for long-term survivors (LTSs) and 
progressors.. Mean IC90 RANTES values per 
timee point are depicted, separated for LTSs (A) 
andd progressors (Bj. The early and late time 
pointss for each patient were linked. *P<.05, 
Wilcoxonn signed rank test. 

•• Results 

Biologicall HIV-1 clones from 13 individuals with only R5, NSI virus variants (7 LTSs and 6 
progressors)) [211] were tested for their sensitivity to (3-chemokine neutralization. Biological 
viruss clones from each individual, obtained at >2 time points during the course of infection, 
thee first relatively early and the other relatively late during follow-up for LTSs or around the 
timee of AIDS diagnosis for the progressors, were analyzed. Figure 1 shows the moments of 
clonall virus isolation and AIDS diagnosis (if applicable) and longitudinal data on CD4+ T cell 
countss and HIV-1 RNA load, for the individuals studied. Table 1 shows the CCR5 and 
CCR2bb genotype of the individuals and their diagnosis at the end of follow-up. 

Forr each biological virus clone tested, the IC50 and IC90 values of the (3-chemokines at day 14 
afterr inoculation were determined using a 4-parametric logistic model. In table 2 (LTS) and 
tablee 3 (progressors), the mean IC50 values of the biological virus clones, at each time point 
andd for each individual, are given for RANTES, MlP-la, MIP-ip, and Mix. In addition, the 
minimumm and maximum IC50 values found at each time point are given. For 2 individuals, 
4344 and 172, virus isolation was performed at time points >6 months apart. In these cases, the 
meann IC50 values were calculated from IC50 values of the isolates of those time points together 
(tabless 2 and 3). For individual 617, virus isolation was performed at 5 different time points 
duringg follow-up. From these data, the first time point was used as "early" and the last as 
"late,"" in figures and calculations. If an IC50 value was >250 ng/mL (the highest concentration 
used),, we used IC50 values of 250 ng/mL in figures and statistical tests. 
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RANTESS was the most potent inhibitor of 
replicationn of primary R5, NSI HIV-1 
isolates.. Mix and MlP-la were less potent 
inhibitors,, whereas M1P-1(3 hardly inhibited 
thee replication of any of the viruses, not even 
att the highest concentration used (250 
ng/mL)) (figure 2 and tables 2 and 3). 
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Figur ee 4. Difference in sensitivity to RANTES 

neutralizationn between long-term survivors 

(LTSs)) and progressors (Pr). Mean IC90 

RANTESS values for early (A) and late (B) time 

pointss for each patient are depicted. *P<.05, 

Mann-Whitneyy U test. 

DecreasingDecreasing RANTES neutralization 
sensitivitysensitivity of HIV-1 isolates over the course 
ofof infection. In figure 3, the mean RANTES 
IC900 values for the different biological virus 
cloness of the early and late time points for 
eachh individual are depicted. A significant increase of IC50 and IC90 values for RANTES and 
Mixx over time for all patients together (n=13) was observed, indicating a significant decrease 
inn sensitivity of HIV-1 to P-chemokine neutralization (P<.05 for RANTES IC50, RANTES 
IC90,, and Mix IC9o,Wilcoxon signed rank test) during the course of HIV-1 infection. 

Tablee 2 p-Chemokine neutralization sensitivity of biological virus isolates from 7 long term survivors. 

Patient,Patient, No. of 

monthsmonths after biological 

SCSC that virus virus clones ^___ 7CW (ng/mlf 

waswas isolated analyzed RANTES Mix MIP-la MIP-1/3 

68 8 

441 1 

583 3 

16 6 

78 8 

337 7 

434 4 

33 3 

100 0 

16 6 

111 1 

24 4 

109 9 

22 2 

114 4 

17 7 

115 5 

24 4 

122 2 

16b b 

119 9 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

3 3 

4 4 

3 3 

8.4 4 

10.8 8 

18.1 1 

22.8 8 

0.1 1 

7.3 3 

7.7 7 

10.0 0 

9.2 2 

37.1 1 

35.2 2 

41.0 0 

62.1 1 

29.1 1 

(4.7-12.9) ) 

(9.8-11.6) ) 

(10.1-33.2) ) 

(15.6-31.6) ) 

(0.01-0.1) ) 

(0.01-14.6) ) 

(6.8-8.5) ) 

(5.1-16.0) ) 

(3.5-14.7) ) 

(15.4-59.9) ) 

(22.1-51.1) ) 

(32.7-49.3) ) 

(46.0-86.2) ) 

(23.0-40.0) ) 

34.88 (23.9-46.2) 75.4 (16.2-173.7) 

32.88 (31.6-35.2) 151.6 (98.9-225.4) 

40.11 (23.1-65.7) 181.1 (124.0->250) 

29.55 (23.9-34.4) 210.3 (l31.0->250) 

49.00 (28.2-63.4) 78.0 (31.5-127.9) 

26.00 (21.2-30.7) 45.4 (43.0-47.7) 

14.22 (12.2-18.1) 46.9 (30.9-61.8) 

23.22 (6.9-40.9) >250 (>250) 

24.33 (14.3-39.6) 68.1 (68.1) 

65.66 (31.5-104.0) 188.6 (71.7->250) 

30.66 (22.4-35.3) >250 (>250) 

61.44 (40.3-88.7) 131.8 (102.6-163.0) 

83.99 (60.1-122.1) 181.3 (68.4->250) 

80.66 (68.6-86.6) 176.1 (129.2->250) 

244.44 (238.8->250) 

>2500 (>250) 

>2500 (>250) 

>2500 (>250) 

>2500 (>250) 

>2500 (>250) 

243.11 (229.2->250) 

194.77 (84.1->250) 

202.99 (108.8->25O) 

123.11 (42.9->250) 

211.66 (134.9->250) 

>2500 (>250) 

>2500 (>250) 

>2500 (>250) 

aDataa are mean (range) IC50 of the biological virus clones. "Clones from time points < 6 months apart 

aree taken together. MIP, macrophage inflammatory protein; Mix, 1:1:1 mixture of the 3 |3-

chemokines:: SC. seroconversion. 
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Off interest, the decrease in sensitivity to RANTES neutralization over time was only 

statisticallyy significant for the HIV-1 biological clones isolated from the progressors (P>.05 

forr RANTES IC50, RANTES IC90, and Mix 1C90; figure 3B) and not for the HIV-1 biological 

cloness isolated from the LTSs (figure 3A). Indeed, from 3 of the 6 progressors, at least 1 

biologicall HIV-1 clone from the late time point was very insensitive to p-chemokine 

neutralizationn (RANTES IC90, >250 ng/mL), whereas only 1 late biological virus clone from 

thee 7 LTSs was found to be very insensitive to p-chemokine neutralization (patient 441; data 

nott shown). 

Thee time lapse between the early and late time points was longer for the LTSs than for the 

progressorss (tables 2 and 3). This indicates that the larger decrease in sensitivity to RANTES 

neutralizationn over time, of biological virus clones isolated from the progressors, is not 

explainedd by a larger time span between the early and late time points or by isolation on a 

momentt later in follow-up. 

Figuree 4 shows a comparison of the mean IC90 values of the early time point and those of the 

latee time point, between LTSs and progressors. Although, at the early time point, the 

biologicall HIV-1 clones of the progressors tended to be more resistant to RANTES 

neutralizationn than did those of LTSs, only at the late time point was the resistance to 

Tabl ee 3 p-Chemokine neutralization sensitivity of biological virus isolates from 6 progressors. 

Patient,Patient, So. of 

monthsmonths after biological 

SCSC that \irits virus clones 

waswas isolated analyzed 

~~53 3 

35 5 

77 7 

21 1 

93 3 

6 6 

43 3 

21 1 

102 2 

5 5 

244 b 

15 5 

27 7 

84 4 

111 1 

126 6 

3 3 

3 3 

1 1 

3 3 

2 2 

3 3 

3 3 

3 3 

3 3 

6 6 

2 2 

1 1 

3 3 

3 3 
2 2 

0.88 (0.6-1.0) 

11.11 (0.1-21.3) 

10.99 (3.6-18.2) 

112.44 (100.4-124.3) 

30.99 (22.8-39.0) 

37.22 (27.2-55,1) 

13.22 (9.6-18.6) 

16.77 (6.0-27.3) 

53.55 (41.0-62.5) 

86.22 (55.0-108.7) 

82.22 (79.0-85.3) 

98.55 (61.4-144.8) 

121.55 (68.9-150.8) 

179.22 (160.1-194.3) 

>2500 (>250) 

18.99 (14.2-23.6) 

23.22 (7.8-47.9) 

27.11 (23.4-30.7) 

241.33 (230.8->250) 

36.88 (28.0-45.5) 

55.44 (42.6-69.0) 

29.99 (15.6-43.5) 

22.00 (6.2-37.8) 

89.11 (82.2-92.8) 

126.00 (44.2-180.0) 

58.88 (58.1-59.5) 

67.55 (43.2-91.8) 

180.33 (119.9-225.9) 

195.11 (173.1-226.5) 

191.88 (135.8-247.8) 

64.55 (58.0-71.0) 

68.33 (30.1-135.4) 

77,77 (44.5-110.9) 

>250(>250) ) 

122.9(119.6-126.1) ) 

>250(>250) ) 

126.33 (42.9-235.4) 

176.22 (102.4->250) 

172.99 (165.7-177.9) 

169.44 (42.7->250) 

134.55 (100.0-169.0) 

163.44 (138.9-187.9) 

>250(>250) ) 

>2500 (>250) 

>250(>250) ) 

217.55 (185.0->250) 

>2500 (>250) 

>250(>250) ) 

>2500 P-250) 

78.77 (41.1-116.3) 

133.33 (42.6->250) 

>250(>250) ) 

>2500 (>250) 

>250(>250) ) 

>250(>250) ) 

>250(>250) ) 

>250(>250) ) 

>250(>250) ) 

>250(>250) ) 

>250(>250) ) 

Forr explanation see Table 2. 

II  CM (ng/mlf 

RANTESRANTES Mix MIP-la MIP-i/i 
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Figur ee 5. Association 
neutralizationn sensitivity 
cloness and CD4* T cell numbers (A) and 
plasmaa virus RNA load (B), at the moment of 
viruss isolation. *P<.05, Mann-Whitney Utest. 

RANTESS neutralization in progressors 
significantlyy higher than the resistance to 
RANTESS neutralization in LTSs (P<.05 for 
RANTESS ICoo, Mann-Whitney U test; figure 
4B). . 

SensitivitySensitivity to fi-chemokine neutralization, 
CD4CD4 T cell counts, and plasma virus load. 
Too determine whether sensitivity of 
biologicall virus clones to p-chemokine 
neutralizationn is related to the individual's 
CD4++ T cell count or plasma virus load, we 
determinedd the median CD4+ T cell count 
(6600 cells/mL) and virus load (3.9 log HIV 

RNAA copies/mL) at the early and late time points for all patients. CD4+ T cell counts and 
viruss loads were classified as "high" or "low" relative to the median. For the HIV-1 biological 
cloness obtained at time points when CD4+ T cell counts were relatively high (n+13), we found 
significantlyy lower p-chemokine IC50 and IC90 values than for the HIV-1 clones obtained at 
timee points when CD4^ T cell counts were low (n=12) (P<.05 for RANTES IC90 [figure 5A] 
andd for Mix IC9o, MlP-la IC50, and MlP-la IC90 [data not shown]). In other words, low CD4f 

TT cell counts were associated with a low sensitivity to HIV-1 p-chemokine neutralization. 

HIV-11 biological clones obtained at time points when plasma virus loads were relatively high 
(n=13)) had significantly higher P-chemokine IC50 and IC90 values than virus clones obtained 
att time points when plasma virus loads were relatively low (n=13) (p<.05 for RANTES IC90 

[figuree 5B] and for RANTES IC50, MlP-l a IC90 [data not shown]). High plasma virus load 
wass thus associated with low sensitivity to P-chemokine neutralization. 

•• Discussion 

Inn the present study, we have demonstrated a decreasing sensitivity to RANTES neutralization 
off primary HIV-1 variants during the course of infection. Our hypothesis was that p-
chemokiness exert selective pressure in vivo, favoring the emergence of variants that are 
insensitivee to their control. Other researchers have shown decreasing sensitivity to P-
chemokinee neutralization over time, due to the appearance of X4 HIV-1 variants [58,225]. 
Here,, we have shown that a decrease in sensitivity to RANTES neutralization during the 
coursee of infection is not necessarily correlated with the presence of X4 variants or variants 
withh coreceptor usage other than CCR5. The individuals we have described here harbored 
onlyy R5, NSI virus variants; therefore, the decrease in sensitivity to RANTES observed here 
doess not reflect a change in coreceptor usage. This result is in agreement with those of 
Janssonn et al. [118,225], who showed that R5 virus isolates from patients with AIDS may 
exhibitt decreased sensitivity to RANTES inhibition. 
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Onee might argue that our results point toward more-efficient CCR5 usage of late isolates, 
comparedd with that of early isolates, from 1 donor. Indeed, other researchers have found 
decreasingg sensitivity to neutralization of cloned envelope sequences from virus variants from 
individuall ACH 142, by use of anti-CCR5 monoclonal antibody 2D7 [226]. Furthermore, in 
vitroo passage of an R5 primary isolate in the presence of AD 101, a small-molecule CCR5 
antagonist,, resulted in selection of an R5 virus variant that was resistant to the antagonist and 
partiallyy resistant to RANTES [227]. This resistance was not mediated by a change of 
coreceptorr usage. Recently, a correlation between CCR5 affinity and sensitivity to 
neutralizationn of the coreceptor antagonist TAK-779 of Env virus variants was found [228], 
suggestingg that increased CCR5 affinity could also explain the decreased sensitivity to p-
chemokiness of late primary isolates. Whether changes in CCR5 affinity indeed account for the 
decreasingg RANTES sensitivity remains to be established. 

Ourr results confirm the finding that RANTES is the most potent p-chemokine for inhibition of 
thee replication of R5 H1V-1 variants [58,229,230]. Furthermore, we found that MlP-la was a 
more-efficientt inhibitor of replication of primary R5 virus isolates than was MIP-lp (figure 
2),, a finding that is in accordance with those of some [3,230,231] but not all [58,216,229] 
previouss studies. Mix showed more-potent inhibition than did MlP-la or MIP-ip but less-
potentt inhibition than equal total concentrations of RANTES alone. This implicates the 
absencee of a synergistic action of the 3 chemokines. 

Wee also found that the virus isolates from individuals with progressive disease were less 
sensitivee to RANTES neutralization than were virus isolates from LTSs (figure 4). This 
differencee was statistically significant for the mean values at the late time point, but not at the 
earlyy time point, indicating that the virus variants from the progressors have a stronger 
decreasee in sensitivity over time than do those from LTSs {figure 3). Furthermore, we found 
thatt both a low CD4~ cell count and a high plasma HIV-1 RNA load were associated with a 
loww sensitivity to p-chemokine neutralization, a finding that suggests that an association exists 
betweenn sensitivity to p-chemokine neutralization of the HIV-1 variants present in the 
individuall and the rate of disease progression. 

Thesee phenomena might reflect mutual signs of disease progression or might influence each 
other.. A high level of immune activation might give rise to high p-chemokine production, 
whichh would exert great selective pressure on the evolution of HIV-1 variants that are 
insensitivee to p-chemokinc neutralization. Our observation that HIV-1 variants isolated from 
CCR5-A322 heterozygous individuals, overall, show more resistance to RANTES 
neutralizationn than do isolates from individuals without this deletion (data not shown) might 
bee interesting in this respect, since heterozygosity for the CCR5-A32 genotype has been 
reportedd to be associated with higher RANTES production levels [232]. On the other hand, 
highh RANTES production levels also have been associated with slow disease progression 
[232,233],, Therefore, the insensitivity to RANTES found in progressors might be just a 
consequencee of more-rapid evolution due to high replication rate in vivo as reflected by high 
plasmaa virus levels, instead of a difference in selective pressure between individuals due to 
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RANTESS production levels. 

Small-moleculee CCR5 antagonists are being considered for therapeutic application. At 
present,, it is unclear how HIV-1 sensitivity profiles for these antagonists compare to those 
obtainedd with the natural ligands. Therefore, our present observation of a decreasing 
sensitivityy of HIV-1 variants to RANTES during the natural course of infection does not 
necessarilyy predict a limited effect of CCR5 antagonist in antiretroviral therapy during late 
stagee infection. 
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Abstract Abstract 

InIn about half of Human Immunodeficiency Virus type I (HIV-1) subtype B infected 

individualsindividuals progression to AIDS is preceded by the emergence of CXCR4-using (X4) 

variants,variants, while others progress to AIDS in the presence of only CCR5-using (R5) 

variants.variants. In a previous study we showed that during disease progression in the 

presencepresence of only R5 variants, HIV-1 variants emerge with a decreased sensitivity to 

inhibitioninhibition by RANTES, a natural ligand of 'CCR5 that inhibits cellular entry of R5 

variants.variants. This observation was of potential clinical relevance as HIV-1 small-

moleculemolecule R5 entry inhibitors are a new class of drugs that, in analogy to RANTES, 

targettarget the binding and subsequent entry of HIV into the target cell. Here we show 

thatthat R5 HIV-1 sensitivity to RANTES correlated with sensitivity to the R5 small-

moleculemolecule inhibitor AD 101. HIV-1 small-molecule entry inhibitors are a new class of 

drugsdrugs that target the binding and subsequent entry of HIV into the target cell. 

Furthermore,Furthermore, we found that R5 variants obtained from individuals who later 

developeddeveloped X4 variants were less sensitive to ADI 01 inhibition as compared to R5 

variantsvariants obtained from individuals who never developed X4 variants. These results 

maymay have implications for the evaluation ofR5 inhibitors in future clinical trials. 

 Introduction 

Humann immunodeficiency virus type 1 (HIV-1) uses chemokine receptors in addition to the 

principall receptor CD4 for cellular entry. The two major coreceptors for HIV-1 are CCR5 and 

CXCR44 [3,4]. Generally, HIV-1 infection is established by macrophagetropic, CCR5-using 

(R5)) variants. About half of infected individuals progress to AIDS after the development of 

CXCR4-usingg (X4) HIV-1 variants [13], whereas the other half progress in the presence of 

onlyy R5 variants [211]. 

Thee natural ligands for CCR5, the (3-chemokines RANTES, MlP- la and MIP-ip, down 

modulatee CCR5 expression and inhibit HIV-1 CCR5 usage [216-218]. Different reports have 

suggestedd a role for p-chemokines in AIDS pathogenesis and evolution of HIV-1 in vivo 

[199,220-222].. In a previous study we have reported a decreasing sensitivity to RANTES of 

HIV-11 variants obtained longitudinally in the course of infection in individuals who 

progressedd to AIDS in the presence of only R5 HIV-1 variants [119]. In analogy, we have 

alsoo reported a decreasing sensitivity to inhibition by CXCR4 antagonist AMD3100 of late 

stagee X4 HIV-1 variants as compared to earlier obtained X4 HIV-1 variants from the same 

individualss [234]. These observations imply an ongoing evolution of HIV-1 variants and may 

havee implications for the therapeutic application of HIV-1 entry inhibitors. 

HIV-11 entry inhibitors are a new class of HIV-1 inhibitors that target the attachment and 

subsequentt fusion of the virus to the target cell. CCR5 and CXCR4 coreceptor antagonists 

thatt specifically inhibit R5 or X4 HIV-1 variants respectively, are being considered for 

therapeuticc application [35]. At present it is unclear how HIV-1 sensitivity profiles for 

syntheticc R5 antagonists compare to those obtained with natural ligands. If sensitivity of 



primaryy HIV-1 variants to R5 inhibitors would greatly differ between patients this could have 
implicationss for the efficacy of application of CCR5 antagonists in antiretroviral therapy. 
Therefore,, we studied a possible correlation between the sensitivity of primary R5 HIV-1 
variantss isolated from different patients to RANTES and two small-molecule R5 inhibitors, 
AD1011 (SCH 350581), a compound chemically related to SCH-C [235], and TAK-779 [64], 

•• Subjects, Materials, and Methods 

Subjects.Subjects. Nineteen participants of the Amsterdam Cohort Studies on AIDS in Homosexual 
Menn (ACS) who harboured only R5 HIV-1 variants during their total follow-up were selected. 
Sevenn of these individuals were classified as long term survivors with an asymptomatic 
follow-upp of at least 11 years in the absence of anti-retroviral therapy and eleven were 
classifiedd as progressors with AIDS diagnoses after 25-136 months of follow-up [211]. Seven 
participantss of the ACS were selected who developed X4 HIV-1 variants during a progressive 
diseasee course. None of the individuals studied received anti-retroviral therapy at or before 
thee moment of sampling. 

VirusVirus isolation, X4 phenotyping and characterization of coreceptor usage. Biological virus 
cloness were obtained by co-cultivation of patient PBMC with healthy donor 
phytohemaglutininn (PHA)-stimulated PBMC under limiting dilution conditions as described 
previouslyy and were partly available from a previous study [211]. From the individuals who 
developedd X4 variants during disease progression only R5 variants were isolated from time 
pointss before the first appearance of X4 variants. The time point of virus isolation from start 
off follow-up was not different between the participants that did and did not show the 
appearancee of X4 variants. HIV-1 X4 phenotype was defined as the capacity to establish a 
productivee infection in the MT2 cell line. Characterization of coreceptor usage was 
additionallyy performed on CCR5-A32 homozygous PBMCs and on U87 astroglioma cell lines 
stablyy transfected with CD4 in combination with CCR3, CXCR4 or CCR5. Cell free virus 
stockss were grown on PHA-stimulated healthy donor PBMC, and stored at 70°C until use. 
R5R5 inhibition assay. PBMC from 10 CCR5-A32 wild type, healthy blood donors were 
isolated,, pooled and cryopreserved. All experiments, including titration of viral stocks, were 
performedd on this same pool of cryopreserved, healthy donor PBMC mixture to eliminate 
possiblee variations caused by differences in susceptibility of target PBMC. 
Too study inhibitory effects of CCR5 antagonists, pooled donor PBMC were stimulated for 
threee days with PHA and incubated with 2-fold serial dilutions of RANTES (PeproTech Inc., 
Rockyy Hill, NJ; concentrations RANTES used were 8, 16, 32, 63, 125 and 250 ng/ml); 6-fold 
seriall dilutions of AD101 (SCH 350581, a kind gift from J. Strizki, Schering-Plough, 
Kenilworth,, NJ; concentrations AD 101 used were 3, 19, 116, 694, 4167 and 25000 pM); and 
2-- and 6-fold dilutions of TAK-779 (DAIDS, NIAD, NIH; concentrations TAK-779 used 
weree 0.12, 0.69, 4.17. 25, 50 and 100 nM). In 96-well plates 105 cells per well were inoculated 
withh 40 TCIDso of a virus isolate, with an end volume of 200 ul per well, and cultured at 
37°C.. At day 7 supernatant was removed and cells were resuspended in fresh medium. P24 

•^x x 
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productionn was measured in supernatant 
sampless taken 14 days after infection using 
ann in-house p24 antigen capture enzyme-
linkedd immunosorbent assay (ELISA). P24 
antigenn levels from cultures inoculated in the 
absencee of inhibitors were designated as 
maximumm virus production and the ratios of 
p244 production in inhibitor-containing 
culturess were calculated relative to these 
maximumm values. Supernatant from cells 
thatt were not incubated with either inhibitor 
orr virus was used for background values of 
thee p24 ELISA. All measurements were 
performedd in triplicate. 
DeterminationDetermination of 50% and 90% inhibitory 
concentrationsconcentrations and statistical analyses. The 
inhibitoryy concentrations causing 50% and 
90%% reduction in p24 antigen production 
(IC500 and IC90) 14 days after infection were 
determinedd by a four-parametric logistic 
analysiss [224]. If the appropriate degree of 
inhibitionn was not achieved at the highest 
inhibitoryy concentration used, a value 'greater than' (>) was recorded and we assumed these 
too be equal to 250 ng/ml for RANTES, 25nM for AD 101 and lOOnM for TAK-779 in figures 
andd statistical tests with the exception of analyses of correlations with TAK-779 sensitivity. 
Theree IC values of viruses insensitive to TAK-779 inhibition were omitted ('greater than' 
valuess were left out). 

Spearman'ss correlation coefficient was calculated for correlations and Mann-Whitney U test 
wass used to compare IC values of patient groups. Statistical analyses were performed using 
SPSSS (release 10.0, SPSS Inc. Chicago, Illinois). 

•• Results 

PotencyPotency of R5 inhibitors RANTES, AD101 and TAK-77. We simultaneously determined the 
inn vitro sensitivity of 144 primary R5 HIV-1 variants isolated from 25 participants of the 
Amsterdamm Cohort of Homosexual Men to inhibition by the natural CCR5 ligand RANTES, 
andd the small molecule R5 inhibitors AD101 and TAK-779. To avoid a bias due to different 
numberss of variants from the different patients the average 50% and 90% inhibitory 
concentrationn (IC50 and IC90) values per patient were used. When an IC value 'greater than' 
thee highest concentration used was determined, the IC value was assumed to be equal to the 
highestt concentration for use in figures and statistical tests except when indicated otherwise. 

O O 
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Figur ee 1 Potency of inhibition of R5 HIV-1 
replication. . 

Meann concentrations of RANTES, AD101 and 
TAK-7799 are depicted at which 90% inhibition 
off virus replication was established (IC90) of 
primaryy R5 HIV-1 variants obtained from at 
leastt 21 different individuals. For RANTES the 
maximumm concentration used was 32 nM 
(250ng/ml),, for AD101 25 nM, and for TAK-779 
100nM.. If 90% inhibition was not achieved, the 
IC900 value was assumed to be equal to the 
highestt concentration used. Boxes indicate the 
medianmedian values falling between the 25th and 75lh 

percentiles,, the bars that extent from the boxes 
indicatee the 10th and 90th percentiles. 
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RANTESS and AD 101 were both potent inhibitors of in vitro replication of primary R5 HIV-1 
(RANTES:: n=23 median IC90 13.9 nM, IQR 7.0-17.7 nM; AD101: n=23 median IC90 15.8 
nM,, IQR 10.0-20.7 nM), whereas TAK-779 barely inhibited the replication of the variants not 
evenn at lOOnM, the highest concentration tested (n=21 median IC90 >100 nM, IQR 97.8->100 
nM,, Figure 1). 

CorrelationCorrelation of sensitivity to R5 inhibitors. A significant correlation was found between the 
averagee IC50 values for R5 variants per patient for RANTES and AD101 (n=21, r=0.642, 
p<0.05,, Figure 2A, left panel). No significant correlations were found with average IC50 
valuess per patient for TAK-779 and either of the other two R5 inhibitors, possibly because 
viruss variants of most individuals were rather insensitive to TAK.-779 inhibition. 

Whenn individual IC50 values of each R5 virus variant were used to determine possible 
correlations,, we again found a strong correlation between the sensitivity to RANTES and 
AD1011 (IC50 n=96, r=0.610, pO.001, Figure 2A, right panel; IC90 n=99, r=0.447, pO.001, 
dataa not shown) and also found that the sensitivity to TAK-779 correlated with the sensitivity 
too both RANTES (n=29, r=0.499, p<0.05, Figure 2B) and AD101 (n=30, r=0.543, p<0.05, 
Figuree 2C). R5 variants that had IC50 values of >100nM TAK-779 were considered 
insensitivee to TAK-779 and were excluded from correlation analysis. 

SensitivitySensitivity to RANTES and AD101 of 
sequentiallysequentially obtained R5 variants. We 
havee previously reported a decreasing 
sensitivityy of R5 variants to RANTES in 
thee course of disease progression in the 
presencee of only R5 variants [119]. To 
determinee if sensitivity to a small-molecule 
inhibitorr also changes in the course of 
progressivee infection, wc tested 
sequentiallyy obtained virus variants for 
sensitivityy to RANTES and AD101. In 
Figuree 3 the inhibition curves for RANTES 
andd AD 101 of sequential virus variants of 
fourr patients are shown. Each dot 
representss the average inhibition of one to 
fivee virus variants obtained at a single time 
pointt from each patient. 

Fromm patients ACH38 and ACH 142, who 
progressedd to AIDS after 101 and 109 
monthss of follow-up respectively, the late 
viruss variants, obtained 102 and 93 months 
afterr start of follow-up respectively, were 

\C\CXX RANTES (nM log,) \CX RANTES (nM log.) 

IC500 TAK-779 (nM log.) ICS0 TAK-779 (pM log.) 

Figur ee 2 Correlation of sensitivity to R5 HIV-1 
entryy inhibitors. 

A.. Correlation of sensitivity to RANTES and 
AD101.. Left panel: mean IC50 values of R5 HIV-1 
variantss per patient for RANTES and AD101 are 
depicted.. Right panel: IC50 values of all primary 
R55 HIV-1 variants tested are depicted. B. 
Correlationn of sensitivity to TAK-779 and 
RANTES.. C. Correlation of sensitivity to TAK-779 
andd AD101. IC50 values of primary R5 HIV-1 
variantss which are sensitive to TAK-779 inhibition 
aree depicted. Axis are in loge scale. 
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Figur ee 3 Sensitivity to RANTES and AD101 of early and late R5 HIV-1 variants. 

Sensitivityy of early (open symbols) and late (filled symbols) R5 HIV-1 variants to RANTES (top row) 
andd AD101 (bottom row) from four individuals are shown. Percent replication relative to control 
infectionn was calculated. Average values and standard errors of one to five R5 virus variants 
obtainedd early after study entry and two or three R5 virus variants obtained late after study entry 
aree shown. X-axis are in loge scale. Experiments were performed in triplicate. 

lesss sensitive to inhibition by RANTES than the early variants that were obtained 21 months 
afterr start of follow-up of both patients (mean IC5o values per time point: ACH38 early 2.9 
nMM vs. late 9.2 nM and ACH142 early 9.0 nM, vs. late 25.7 nM). In agreement with the 
observedd correlation between sensitivity to RANTES and AD101, we also observed a lower 
sensitivityy to AD 101 mediated inhibition of late variants as compared to early variants from 
thesee patients (mean IC50 values per time point: ACH38 early 1.0 nM vs. late 14.7 nM and 
ACHH 142 early 2.5 nM vs. late 11.0 nM). 

Inn patients ACH78 and ACH434 however, who were classified as long term survivors with an 
asymptomaticc follow-up of 124 and 140 months respectively, no difference in sensitivity to 
eitherr RANTES or AD101 is observed between variants obtained early, 17 and 16 months 
afterr start of follow-up respectively, and variants obtained late, 115 and 119 months after start 
off follow-up respectively (RANTES mean IC50 values per time point: ACH78 early 9.1 nM 
vs.. late 9.5 nM and ACH434 early 3.0 nM vs. late 5.1 nM; AD101 mean IC50 values per time 
point:: ACH78 early 4.5 nM vs. late 4.7 nM and ACH434 early 0.9 nM vs. late 1.5 nM). These 
observationss are in agreement with our previous observations [119] and underscore the 
variabilityy in virus phenotype evolution between patients. 

R5R5 sensitivity to RANTES and AD101 in individuals who develop X4 variants. It is still 
unclearr why X4 variants evolve in some patients and not in others. To study if differences in 

61 1 



R55 HIV-1 sensitivity to RANTES and R5 entry inhibitors 

CCR55 coreceptor usage, as reflected by variation in RANTES and AD 101 mediated inhibition 
off virus replication, may evolve before the first appearance of X4 variants, we studied seven 
individualss who developed X4 variants during follow-up. R5 variants obtained prior to the 
firstfirst appearance of X4 variants were compared to R5 variants obtained from individuals in 
whomm X4 variants could never be detected for their sensitivity to RANTES and AD 101 
mediatedd inhibition. There was no difference in the time point of virus isolation between the 
groups. . 

Noo significant difference was observed for RANTES mediated inhibition of replication of R5 
variantss isolated from individuals who did or did not develop X4 variants later in follow-up 
(n=7.. median IC50 8.2 nM. IQR 2.5-13.3 vs. n= 17 median IC50 5.7 nM. IQR 4.4-7.8, Figure 
4A).. However, we did observe a significant but slightly lower sensitivity to AD101 mediated 
inhibitionn of replication of R5 variants isolated from individuals who later developed X4 
variantss (n=6, median IC50 8.7 nM, IQR 6.0-19.2) as compared to R5 variants obtained from 
individualss who did not develop X4 variants (n= 17, median IC50 2.9 nM. IQR 1.8-5.0, p<0.05 
Mann-Whitneyy U test. Figure 4B). 

•• Discussion 

Ourr previous results, which showed a decreasing sensitivity to RANTES mediated inhibition 
inn the course of disease progression in the presence of only R5 variants [119], prompted us to 
studyy whether this observation could be extrapolated to other CCR5 antagonists. Here we 
demonstratee a correlation between the sensitivity of primary R5 HIV-1 variants to the natural 
CCR55 ligand RANTES and the small-molecule R5 entry inhibitors AD101 and, although less 
evidently,, TAK.-779. The only weak correlations with TAK-779 mediated inhibition may be 
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Figur ee 4 Sensitivity to RANTES and AD101 of R5 HIV-1 variants obtained from individuals that did 
orr did not show the appearance of X4 variants. 

Boxplotss of the mean IC50 values of R5 HIV-1 variants obtained from 17 individuals that did not 
showw the appearance of X4 variants during follow-up (No-X4) and 7 individuals that did show the 
appearancee of X4 variants later in follow-up (Pre-X4) for RANTES (A.) and AD101 (B.) are 
depicted.. Boxes indicate the median values falling between the 25th and 75lh percentiles, the bars 
thatt extent from the boxes indicate the 10th and 90th percentiles. * p<0.05, Mann-Whitney U test. 



duee to the low inhibitory effect of TAK-779. In our hands, replication of most R5 HIV-1 
variantss was barely inhibited by TAK-779, not even at the highest concentration used in our 
protocoll <100nM). 

Thee sensitivity of individual virus variants to entry inhibitors may be influenced by several 
featuress such as (co)receptor affinity, coreceptor binding site and fusion kinetics. The 
requirementt of lower levels of CCR5 expression for infection may explain the observed 
correlationn between sensitivity to RANTES and AD 101 as indicated previously [227], Within 
thee infected individual, virus variants may evolve towards a more efficient CCR5 usage 
possiblyy due to selection pressure by the presence of RANTES or competition for available 
targett cells. 

Alaninee substitution studies of the CCR5 trans-membrane domains have revealed that the 
bindingg sites of TAK-779 and AD101 overlap and are located within a cavity near the 
extracellularr surface formed by CCR5 trans-membrane helices 1, 2, 3 and 7 [236,237]. Tsamis 
ett al. [237] proposed that the binding of the small-molecule antagonists to the trans-membrane 
domainn of CCR5 may induce a conformational change in the gpl20 V3-binding site of CCR5, 
possiblyy the CCR5 N-terminus. The envelope protein of HIV-1 would then be unable to bind 
too this new conformation of CCR5. This proposed mechanism may help to explain our finding 
thatt R5 variants obtained from individuals who developed X4 variants had a lower sensitivity 
too AD101 inhibition than R5 variants isolated from individuals who did not show the 
emergencee of X4 variants, while there was no difference in the sensitivity to RANTES 
inhibition.. These virus variants may be independent of the Nt domain for CCR5 for binding 
whichh may render these variants less sensitive to AD 101. A variable dependence on the CCR5 
N-terminuss of different R5 HIV-1 isolates has been reported in a study using CCR5 chimeric 
receptorss [238]. 

Inn analogy with the correlation between the sensitivity to RANTES and AD101, we show that 
aa decreasing sensitivity to RANTES over time coincides with a decreasing sensitivity to 
AD1011 in two individuals with a progressive disease course, while no evident changes in 
sensitivityy were observed over time in two individuals classified as long term survivors. These 
resultss illustrate that in the course of progressive infection R5 HIV-1 variants may evolve 
towardss a phenotype that coincides with a reduced sensitivity to CCR5 antagonists, even in 
thee absence of therapy with R5 inhibitors. New, potentially more potent small-molecule R5 
entryy inhibitors are being developed, and it is not very likely that the emergence of less 
sensitivee R5 HIV-1 variants in the natural course of infection in the absence of X4 variants, 
willl impact the therapeutic benefit of these CCR5 inhibitors in patients as reported plasma 
concentrationss of AD101 exceed the in vitro ICW values of most R5 variants studied here (J. 
Strizki,, personal communications). Further characterization of viral and host determinants of 
entryy inhibitor sensitivity may improve the design of optimal strategies for clinical application 
off entry inhibitors. 
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Chapterr 6 R5 HIV-1 gpl 20 evolution 

Abstract Abstract 

ContinualContinual evolution of HIV-1 gpl20 during infection has been described in the 

settingsetting of a change in coreceptor-usage from CCR5 to CXCR4 or escape from host 

immuneimmune responses. We examined the phylogenetic distance of sequential R5 HIV-1 

variantsvariants in long term survivors and individuals who progress to AIDS in the 

absenceabsence ofX4 variants. Furthermore, the presence of selection pressure defined as 

thethe number of non-synonymous substitutions divided by the number of synonymous 

substitutionssubstitutions was examined. We provide evidence for a rapid accumulation of 

mutationsmutations in individuals who show rapid disease progression and a selective 

positivepositive selection on the variable regions of gpl20 in R5 variants isolated from 

individualsindividuals heterozygous for the CCR5-A32 genotype. 

•• Introduction 

Itt is estimated that the human immunodeficiency virus type 1 (HIV-1) acquires one point 

mutationn per genome every replication cycle due to an error prone reverse transcriptase 

enzymee that lacks proofreading [8,239-241]. With 1010 new virions produced per day and a 

ti/22 of ~6 hours [9], an HIV-1 infected individual harbours a swarm of closely related viruses, 

thee "quasispecies". Previous studies have shown that the divergence between variants present 

att different time points in the same individual can be relatively large but that diversity within 

thee viral quasispecies present at a given time point is limited [16], but may increase over time 

[242].. The limited diversity within variants present at a time point may be due to negative 

selectionn against viruses with reduced fitness, in which fitness is defined as the optimal 

biologicall properties to persist under the conditions of that moment. Positive selection also 

influencess the sequence diversity of HIV-1, which is most clearly illustrated by immune 

selectionn which leads to viral escape from specific host defenses [243-245]. In addition, there 

mayy be a positive selection for viruses that have adapted to more optimal entry of the target 

cellss or that have gained the ability to infect new target cells in the host [14,109,111]. Positive 

andd negative selection forces can differ between individual hosts but also at different stages in 

thee clinical course of infection. 

Earlyy infection is in general dominated by slowly replicating, macrophage tropic CCR5-using 

(R5)) HIV-1 variants [41,42,246,247]. With progression of disease, more rapidly replicating 

HIV-11 variants evolve [10]. In about half of HIV-1 infected individuals this is associated with 

thee emergence of CXCR4 using (X4) virus variants [13,248]. X4 HIV-1 variants differ from 

R55 HIV-1 variants by positively charged amino acid residues on one or both positions 11 and 

288 in the V3 loop [26,141]. After emergence of X4 variants, R5 and X4 HIV-1 variants co

existt within a single individual, with a continuous evolution away from a common precursor 

andd with increasing divergence in gpl20 between the two virus populations due to both 

synonymouss and non-synonymous substitutions [16,242]. Non-synonymous virus variation in 

thee HIV-1 envelope V3 domain, has been shown to be inversely correlated with immune 

selectivee pressures [247,249-252]. 
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Inn individuals who progress to AIDS in the absence of X4 HIV-1 variants, changes can be 

observedd in biological properties of the R5 HIV-1 variants, without changes in coreceptor 

usagee [211]. Compared to early stage R5 HIV-1, late stage R5 variants have more rapid 

replicationn rates in vitro, higher cytopathicity, a decreased sensitivity to inhibition by CCR5 

antagonists,, and the ability to use CCR5/CXCR4 chimeric coreceptors [119,238,253,254], 

Individualss heterozygous for a 32 bp deletion in the CCR5 gene generally have a lower viral 

loadd and slower disease progression than CCR5-A32 wild type individuals [116,255,256]. 

Theyy show lower levels of CCR5 expression and higher levels of RANTES production. 

Heree we studied whether selection pressure on Env gpl20 of R5 HIV-1 variants differs 

betweenn individuals with either a progressive or long term asymptomatic course of infection 

inn the absence of X4 variants. In addition, we examined whether selection pressure on Env 

gp]200 of R5 HIV-1 variants differs between CCR5-A32 heterozygous and wild type 

individuals. . 

•• Materials and Methods 

Patients.Patients. Twelve homosexual male participants of the Amsterdam Cohort Studies (ACS) who 

harboredd only R5 HIV-1 variants during follow-up were previously selected [211]. By April 

19977 seven of these individuals had an asymptomatic seropositive follow-up of at least 11 

yearss with relatively stable CD4 T cell numbers in the absence of antiretroviral therapy. These 

individualss were classified as long term survivors (LTS): ACH 16, 68, 78, 337, 434, 441, 583 

(meann seropositive follow-up 142 months; range: 136-146 months). Three individuals were 

classifiedd as rapid progressors: ACH 53, 172 and 424 (AIDS diagnosis after 25-76 months of 

follow-up).. One was classified as typical progressor: ACH 142 (AIDS diagnosis after 109 

monthss of follow-up) and one was classified as slow progressor: ACH 617 with AIDS 

diagnosiss after 136 months of follow-up. Longitudinal analysis of CD4+ T cell numbers and 

HIV-11 RNA load in plasma or serum, and CCR5 genotyping of the individuals were reported 

previouslyy [211]. 

VirusVirus isolation, SI phenotyping and characterization of coreceptor usage. Biological virus 

cloness were previously isolated from patient PBMC samples from at least two time points for 

eachh patient [211]. One time point was chosen early in follow-up (mean 22 and 17 months 

afterr seroconversion or study entry for LTS and progressors, respectively) and the other as 

latee as possible in follow-up for LTS (mean 113 months) or around the time of AIDS 

diagnosiss for progressors (mean 77 months in follow-up). SI phenotyping was performed 

previouslyy on the MT2 cell line and characterization of coreceptor usage was performed on 

CCR55 A32 homozygous PBMCs and on astroglioma cell lines stably transfected with CD4 

andd CCR3 or CXCR4 or CCR5 [211]. 

SequenceSequence analysis. DNA was isolated from PBMC infected with biological virus clones 

usingg the L6 isolation method [257]. PCR amplification of gpl20 was performed with one 
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outerr PCR with primers TB3 (5'-GGCCTTATTAGGACACATAGTTAGCC-3') and TBC 
(5'-GCTGCCTTGTAAGTCATTGGTCTTAAAGG-3')) and 2 different inner PCR primer 
combinations:: Seql forward (5'-TACATAATGTTTGGGCCACACATGCC-3'), Seq4 
reversee (5'-CTTGTATTGTTGTTGGGTCTTGTAC), and Seq5 forward (5'-
GTCAACTCAACTGCTGTTAAATGGC-3'),, Seq2 reverse (5'-

TCCTTCATATCTCCTCCTCCAGGTC-3'). . 

PCRR products were purified and sequenced with the ABI prism BigDye Terminator 
sequencingg kit (Perkin Elmer, Froster City, California, USA) according to manufacturer's 
protocoll using nested PCR primers. Sequences were analyzed on an ABI prism 377 DNA 
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Figur ee 1 Neighbor-joining phylogenetic trees of gp120 regions of R5 HIV-1 variants isolated from 
patientss without AIDS diagnosis during follow-up (A) and patients who progress to AIDS during 
follow-upp (B). Bootstrap values, based on 100 bootstrap analyses, indicate in how many replicate 
treess the depicted clustering is observed. Separate sequences are indicated by patient number 
followedd by the follow-up time in months at which the variant was isolated and by the variant 
number.. One sequence from patient 617 clusters apart from other sequences from that patient and 
iss indicated in italic (see text). Scale bars correspond to the indicated percentage of nucleotide 
sequencee divergence. 

sequencer.. To enable us to compare between patients and to prevent differences due to 

differentt sequence length, all sequences were cut off from gpl20 nucleotide position 262 

(aminoo acid position 88; HXB2 reference numbering) in CI to nucleotide position 1321 

(aminoo acid position 440) in C4. All sequence numbering is according to HXB2 reference 

sequence. . 
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Sequencess were aligned using ClustalW 
includedd in DAMBE version 4.2.13 [258] 
followedd by manual editing. Phylogenetic 
andd molecular analyses were conducted 
usingg MEGA version 2.1 [259]. Neighbor-
joiningg trees were constructed from 
nucleotidee alignments using method of 
nucleotidee gamma, Jukes-Cantor with 
pairwisee deletion and bootstrap analysis. 
Consensuss sequences from virus variants per 
timee point were constructed in GENEDOC 
versionn 2.6.002 [260]. Consensus nucleotide 
sequencess were aligned to HxB2 in DAMBE 
correspondingg to the original alignments 
containingg the individual sequences per 
patient. . 

Diversityy between early and late variants per 
patientt was calculated with the number of 
non-synonymouss mutations (dN) in MEGA. 
Presencee of selection pressure was defined 
ass the number of non-synonymous mutations 
betweenn early and late variants divided by 
thee number of synonymous mutations 
(dN/dS)) in MEGA. Selection pressure 
(dN/dS)) per region was determined by 
selectionn of corresponding nucleotides in 
DAMBE. . 

StatisticalStatistical analyses. Spearman's correlation 
coefficientt was calculated for correlations 
andd Mann-Whitney U test was used to 
comparee IC values of patient groups. 
Statisticall analyses were performed using 
SPSSS (release 10.0, SPSS Inc. Chicago, 
Illinois). . 

•• Results 

Tablee 1 Diagnosis of study participants and 
viruss clones analyzed. 

Püti€)ti Püti€)ti 

53 3 

68 8 

142 2 

441 1 

583 3 

16 6 

78 8 

172 2 

337 7 

424 4 

434 4 

617 7 

Diagnosis Diagnosis 

(months)" (months)" 

PCPP (76) 

ass (151) 

KS(109) ) 

as(152) ) 

ass (149) 

as(143) ) 

ass (124) 

KSS (25) 

ass (142) 

COO (38) 

as(140) ) 

NHLL (136) 

Virus Virus 

isolation isolation 

(months (months 

inin FU) 

35 5 

77 7 

33 3 

100 0 

21 1 

93 3 

16 6 

111 1 

24 4 

109 9 

22 2 

114 4 

17 7 

115 5 

5 5 

22 2 

25 5 

24 4 

122 2 

6 6 

43 3 

13 3 

19 9 

119 9 

15 5 

27 7 

84 4 

111 1 

126 6 

No.No. of 

virus virus 

variants variants 

analyzed analyzed 

3 3 

3 3 

3 3 

3 3 

2 2 

2 2 

3 3 

3 3 

3 3 

2 2 

3 3 

3 3 

3 3 

3 3 

3 3 

2 2 

3 3 

3 3 

3 3 

2 2 

2 2 

2 2 

3 3 

3 3 

2 2 

2 2 

3 3 

3 3 

2 2 

Coreceptor Coreceptor 

usage usage 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

R5 5 

aa Diagnosis by end of follow-up, end of follow-
upp is defined as April 1997 or start of therapy 
forr LTS and the moment of AIDS diagnosis for 
progressors;; as: asymptomatic, PCP: 
PneumocystisPneumocystis carninii pneumonia, KS: Kaposi's 
sarcoma,, CO: esophageal Candidiasis, NHL: 
non-Hodgkin'ss lymphoma. FU, follow-up; R5, 
CCR5-using. . 

PhylogeneticPhylogenetic analysis of gpl20 Env sequences obtained from individuals who do not 

developdevelop X4 variants. To examine the phylogenetic relationship between early and late R5 
HIV-11 virus populations within an individual we selected 12 HIV-1 infected individuals who 
didd not develop X4 variants during follow-up. A region of gp!20, spanning from within CI to 
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Figur ee 2 Divergence of R5 HIV-1 gp120 
sequencess from variants isolated from 
individualss who do not develop X4 
variants. . 

A.. Depicted for each patient is the 
numberr of non-synonymous differences 
(dN)) within gp120 sequences from R5 
variantss isolated at one time point (open 
symbols)) and number of non-
synonymouss differences between gp120 
sequencess from R5 variants isolated at 
thee earliest and latest time point per 
patientt (filled symbols). 
B.. Depicted are the number of 
synonymouss (dS, gray symbols) and 
non-synonymouss (dN, black symbols) 
differencess between gp120 sequences 
fromm R5 variants isolated at the earliest 
andd latest time point per patient. Patient 
numberss of rapid progressors are 
depictedd in bold on the x-axis. 

C44 and encoding approximately 353 amino acids (HxB2 positions 88 to 440), was sequenced 
fromm R5 variants that were isolated from these individuals. From each individual, sequential 
R55 variants from at least two time points were analyzed with a minimum of two variants per 
timee point (Table 1). 

Evolutionaryy distance between early and late R5 variants within a patient is shown in 
neighbor-joiningg trees and was confirmed with bootstrap analyses. Neighbor joining trees 
includingg sequences from patients without AIDS diagnosis during follow-up (Figure 1A) and 
patientss who progressed to AIDS during follow-up (Figure IB) showed clustering of 
sequencess per patient, reflecting heterogeneity between patients, confirming intra-patient 
clusteringg of sequences per time point and excluding contamination between patients. The 
onlyy exception was a sequence from a variant isolated 27 months after start of follow-up from 
patientt 617, which clustered apart from other variants from patient 617. Nucleotide sequence 
alignmentt showed that this sequence had a few striking similarities at a few sites with one 
sequencee from patient 172, however, at other sites it exactly resembled other sequences from 
patientt 617 and was dissimilar from 172 sequences (data not shown). In a neighbor-joining 
treee including only sequences from patient 617, this sequence clustered with the other 
sequencess from this patient (data not shown). Therefore it was not deleted from the dataset. 

SelectionSelection pressure in R5 HIV-1 gpl20 Env sequences. Diversity within the HIV-1 
quasispeciess present at the early or late time point was not different. However, in all 
individualss divergence of virus populations was observed between time points. Diversity 
betweenn time points was greater than within time points (Figure 2a). The number of 
synonymouss substitutions per synonymous site (dS) in the env gpl20 region varied from 

2A A  dN between time points 
dNN within time points 

2B B 

533 6 8 14 2 44158 3 1 6 7 8 17 2 33 7 42 4 43 4 61 7 

patients s 

II  Ï 

533 6 8 14 2 44158 3 1 6 7 8 172 33 7 424 43 4 61 7 

patients s 
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0.0400 to 0.090 between individuals. The number of non-synonymous substitutions per non-
synonymouss site (dN) varied from 0.040 to 0.100 between individuals (Table 2). The number 
off both synonymous and non-synonymous mutations between early and late time points was 
significantlyy higher in long term survivors (LTS) compared to progressors. However, when 
correctedd for follow-up time, which for obvious reasons was much shorter for rapid 
progressorss than LTS, a significantly higher mutation rate per time unit was observed in 
individualss with a rapidly progressive disease course (Figure 2b). The three rapid progressors 
inn this study showed remarkably high synonymous substitutions per time unit. 

Withh the exception of patient ACH 617, who progressed to AIDS after a follow-up time of 
1366 months and was defined as a slow progressor, all individuals had dN/dS ratios for the 
totall gpl20 fragment that were close to 1, not pointing to positive or negative selection. No 
differencess between LTS and progressors in dN/dS ratios could be distinguished. 
Additionally,, the dN/dS ratios were separately analyzed for the combined constant regions 
andd the combined variable regions (V1/V2, V3 and V4). The dN/dS ratios in the constant 
domainss were below 1 in 9 out of 11 individuals, suggesting a tendency of negative selection 
onn these domains. In the variable regions of gpl20 the dN/dS ratios were greater than 1 in 9 
outt of 11 individuals, suggesting a tendency of positive selection on these regions. 
Interestingly,, the dN/dS ratio in the variable regions of gpl20 was significantly higher in 
individualss with a CCR5-A32 heterozygous genotype as compared to CCR5-A32 wild type 
individualss (CCR5-A32 wild type (n=6): median 1.146, IQR: 1.062-1.248; A32 heterozygous 
(n=6):: median 2.039, IQR: 1.554-2.252, p<0.05; table 1) indicating that the positive selection 

Tablee 2 Divergence of gp120 in sequential R5 HIV-1 variants. 

patient patient 

53 3 

68 8 

142 2 

441 1 

583 3 

16 6 

78 8 

172 2 

337 7 

424 4 

434 4 

617 7 

A32-CCR5 A32-CCR5 
genotype genotype 

wt t 

wt t 

wt t 

wt t 

wt t 

A32/wt t 

A32/wt t 

A32/wt t 

A32/wt t 

A32/wt t 

A32/wt t 

A32/wt t 

typing typing 

RP P 

LTS S 

TP P 

LTS S 

LTS S 

LTS S 

LTS S 

RP P 

LTS S 

RP P 

LTS S 

SP P 

timetime between 
samplessamples (mo) 

41.8 8 

66.8 8 

72.1 1 

95.0 0 

84.1 1 

91.9 9 

96.9 9 

20.8 8 

97.8 8 

36.9 9 

105.0 0 

111.1 1 

divergencedivergence11' ' 

0.049 9 

0.098 8 

0.059 9 

0.080 0 

0.068 8 

0.074 4 

0.047 7 

0.043 3 

0.086 6 

0.049 9 

0.088 8 

0.070 0 

dN dN 

0.044 4 

0.100 0 

0.059 9 

0.081 1 

0.065 5 

0.078 8 

0.044 4 

0.040 0 

0.088 8 

0.044 4 

0.093 3 

0.079 9 

dS dS 

0.069 9 

0.090 0 

0.055 5 

0.074 4 

0.080 0 

0.060 0 

0.060 0 

0.053 3 

0.076 6 

0.066 6 

0.069 9 

0.040 0 

dN/dS dN/dS 

0.638 8 

1.111 1 

1.073 3 

1.095 5 

0.813 3 

1.300 0 

0.733 3 

0.755 5 

1.158 8 

0.667 7 

1.348 8 

1.975 5 

wt,, CCR5-A32 wild type; A32/wt, CCR5-A32 heterozygous genotype; RP, rapid progressor; LTS, 
longg term survivor; TP, typical progressors; SP, slow progressor; dN, number of non-synonymous 
substitutionss per nonsynonymous site; dS, number of synonymous substitutions per synonymous 
site;; a Viral genetic distance between time points calculated according to the Jukes Cantor model 
(JC69). . 
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onn the V-rcgions was mainly found in these CCR5-A32 heterozygous individuals. 

Furthermore,, higher positive selection tended to correlate to lower baseline RNA load (Figure 

3). . 

•• Discussion 

Inn the present study we analyzed whether genetic changes in HIV-1 gpl20 in sequentially 
isolatedd biological virus clones from LTS and rapid progressors. who did not develop X4 
HIV-11 variants, were a consequence of positive selection as reflected by a high dN/dS ratio. 
Inn agreement with previous observations, we observed higher sequence divergence and a 
tendencyy for positive selection during the total follow-up time in individuals who progressed 
moree slowly and/or had a low viral load as compared to individuals with a rapidly progressive 
diseasee course [249,261,262]. Such observation has led to the assumption that diversity 
dependss on the magnitude and duration of host immune responses or that slow progressors 
mayy be infected with less fit viruses that replicate poorly and therefore are under strong 
positivee selection in the host to increase replicative fitness [263]. Shankarappa et al. reported 
thatt after correction for follow-up time, linear increases of about 1% per year were observed 
inn both divergence and diversity before the development of X4 variants [242]. However, when 
wee corrected for length of follow-up time, which obviously was relatively short in rapid 
progressors,, it appeared that the mutation rate per time period was much higher in individuals 
whoo showed rapid progression to AIDS compared to LTS or slow progressors. In accordance, 
HIV-11 variants isolated from progressors replicate more rapidly than HIV-1 variants from 
LTSS [214,215,264] and rapid progressors have a high serum HIV-1 RNA load [253]. The fast 
accumulationn of mutations in rapid progressors and the high viral load in these individuals 

Tabl ee 3 Divergence of combined C and V regions of gp120 in sequential R5 HIV-1 variants. 

patient patient 

53 3 

68 8 

142 2 

441 1 

583 3 

16 6 

78 8 

172 2 

337 7 

424 4 

434 4 

617 7 

132-132-
CCR5 CCR5 

genotype genotype 

wt t 

wt t 

wt t 

wt t 

wt t 

A32/vvt t 

A322 wt 

A32/wt t 

A33 2 wt 

A32/wt t 

A32/wt t 

A32/wt t 

typing typing 

RP P 

LTS S 

TP P 
LTS S 

LTS S 

LTS S 

LTS S 

RP P 

LTS S 

RP P 

LTS S 

SP P 

timetime between 
samplessamples (mo) 

41.8 8 

66.8 8 

72.1 1 
95.0 0 

84.1 1 

91.9 9 

96.9 9 

20.8 8 

97.8 8 

36.9 9 

105.0 0 

111.1 1 

t t 

dX dX 

0.018 8 

0.077 7 
0.034 4 

0.041 1 

0.048 8 

0.055 5 

0.025 5 

0.011 1 

0.055 5 

0.013 3 

0.066 6 

0.055 5 

regions regions 

dS dS 

0.031 1 

0.068 8 

0.045 5 

0.046 6 

0.078 8 

0.059 9 

0.071 1 

0.036 6 

0.061 1 

0.044 4 

0.084 4 

0.031 1 

d.XdS d.XdS 

0.581 1 

1.132 2 

0.756 6 

0.891 1 

0.615 5 

0.932 2 

0.352 2 

0.306 6 

0.902 2 

0.295 5 

0.786 6 

1.774 4 

^ ^ 

</.V V 

0.083 3 

0.137 7 

0.102 2 

0.151 1 

0.094 4 

0.116 6 

0.068 8 

0.087 7 

0.142 2 

0.098 8 

0.138 8 

0.117 7 

dS dS 

0.130 0 

0.129 9 

0.073 3 

0.121 1 

0.082 2 

0.062 2 

0.030 0 

0.078 8 

0.098 8 

0.103 3 

0.048 8 

0.053 3 

J.XdS J.XdS 

0.638 8 

1.062 2 

1.397 7 

1.248 8 

1.146 6 

1,871 1 

2.267 7 

1.115 5 

1.449 9 

0.951 1 

2.875 5 

2.208 8 

Forr explanation see Table 2. 
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Figur ee 3 Selection plotted against patient RNA 
load.. Selection was defined as the dN/dS ratio 
betweenn gp120 sequences from early and late 
R55 HIV-1 variants (x-axis) plotted against the 
HIV-11 serum RNA load determined at the early 
timee point (v-axis). 

mayy be a result of low selective pressure by 
thee host's immune defenses or high numbers 
off activated target cells. Indeed, a high 
immunee activation level has been associated 
withh fast disease progression [265]. 

X44 variants have increased cytopathicity and 
aree associated with a faster disease 
progressionn [13]. We previously 
demonstratedd that also during disease 
progressionn in the absence of X4 variants, 
HIV-11 variants emerge with changes in 
biologicall properties such as increased 
replicativee capacity, increased cytopathicity 
andd reduced sensitivity to RANTES and 
otherr CCR5 antagonists [118,119,253,254], 
Thesee changes are not associated with a change in coreceptor usage [211]. Moreover, 
sequentiall X4 variants also show a decrease in sensitivity to coreceptor antagonists associated 
withh progression to AIDS [234]. A likely explanation for these observations is that virus 
variantss are selected for efficient (co)receptor usage. Virus variants that are less dependent on 
CD44 or CCR5 to productively infect their target cells will have a selective advantage over 
otherr variants. 

Interestingly,, we here show evidence that the highest dN/dS ratios were observed in the gpl20 
variablee regions of individuals with a CCR5-A32 heterozygous genotype, irrespective of the 
clinicall course of infection. This genotype has been associated with a reduced number of 
CCR55 expressing cells and consequently the competition for target cells and the selection for 
virusess with most optimal efficiency of using the CD4-coreceptor complex may be higher. 

Wee previously determined the sensitivity to RANTES mediated inhibition of all virus variants 
includedd in this study [119]. Comparison of gpl20 sequences of the R5 HIV-1 variants from 
alll 12 individuals in relation to the virus sensitivity to RANTES inhibition did not reveal 
commonn mutations associated with reduced RANTES sensitivity (data not shown). This 
indicatess that a variety of specific sequence changes may result in a decreased sensitivity to 
CCR55 antagonist mediated inhibition, probably depending on the host's immune environment 
andd the viral genomic background. 

Ass illustrated by the selective transmission of R5 variants, optimal fitness of HIV-1 may vary, 
dependentt on the host environment and phase of infection. It may seem that a high efficiency 
off usage of the cellular entry complex is a favorable viral characteristic under all 
circumstances.. However, it seems that upon transmission to a new individual, R5 HIV-1 
variantss are selected that are more sensitive to RANTES mediated inhibition, have lower 
replicativee capacity, and lower cytopathicity than those found late in disease progression 
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[119,253].. Possibly, these features of increased in vitro fitness are a trade off for a property 
thatt is indispensable in recently infected individuals. For example due to variable restrictions 
onn the virus quasispecies dictated by the host's immune responses and target cell availability. 
Inn light of the development of an optimal vaccine, the viral characteristic that dominates 
fitnesss in recent infection should be identified. 

Thiss study was performed as part of the Amsterdam Cohort Studies on HIV infection and 
AIDS,, a collaboration between the Academic Medical Center, the Municipal Health Service 
andd Sanquin Research at CLB, Amsterdam, The Netherlands. The authors thank Angélique 
vann 't Wout for critical reading of the manuscript. This study was financially supported by the 
Netherlandss Organization for Scientific Research (project number 901-02-222) and the Dutch 
AIDSS fund (project number 4023). 
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Abstract Abstract 

Objective:Objective: To investigate possible correlates of HIV resistance in participants from 

thethe Amsterdam Cohort of Homosexual men who have remained HIV seronegative 

despitedespite high-risk sexual behaviour. 

Design/methods:Design/methods: We studied in vitro HIV-1 susceptibility and adaptive and innate 

immunityimmunity in 29 high-risk seronegative (HRSN) and 15 HIV-negative pre-

seroconversionseroconversion (pre-SC) homosexual men from the same Amsterdam Cohort Studv 

(ACS)(ACS) who seroconverted to HIV-1 positive during active follow-up. Host genetics 

werewere compared between HRSN and HIV-positive ACS participants. 

Results:Results: We found lower in vitro susceptibility for a CCR5-using (R5) HIV-1 

variant,variant, higher RANTES production levels, but no difference in coreceptor 

expressionexpression in HRSN as compared with pre-SC controls. Reduced R5 in vitro 

susceptibilitysusceptibility of two HRSN tested was restored to normal levels by addition of 

antibodiesantibodies against fl-chemoki nes. A higher proportion of HRSN carried the SDF-I 

3'A3'A variant and HLA-A* IJ, A*3! and Cw*l5 alleles. ELlspot analysis with HIV-1 

peptidepeptide stimulation revealed low frequencies of HIV-1-specific CDS interferon--/ 

producingproducing cytotoxic T cells in both HRSN and pre-SC controls. 

Conclusions:Conclusions: Low in vitro R5 susceptibility of cells from the HRSN men was due to 

fi-chemokinefi-chemokine mediated inhibition of virus replication. The presence of HIV-1 

specificspecific cytotoxic T cells in both HRSN and pre-SC participants may signify 

exposureexposure to the virus rather than protection from infection. Host genetic 

characteristicscharacteristics and other factors affecting innate immunity may contribute to 

differentialdifferential resistance to HIV-1 infection among exposed seronegative individuals. 

•• Introduction 

Sincee early in the AIDS pandemic, rare individuals have remained persistently HIV-

uninfectedd despite multiple high-risk exposures to HIV-1. Absence of HIV-1 transmission 

despitee high-risk exposure has been described for children born of HIV-infected mothers 

[266-271],, female sex workers in areas where HIV-1 infection is epidemic [231,272-275], 

haemophiliacss who received HIV-1 contaminated blood preparations [276-278] and sexual 

partnerss of HIV-1 infected individuals [199,279-283], In some cases, absence of HIV 

transmissionn may be attributed to factors in the HIV-positive partner (low infectious cellular 

loadd and high CD4 T-cell numbers) [280] or to factors in the infected mother of an HIV-

negativee child (low viral load and the presence of neutralizing antibodies) [266], However, in 

otherr cases absence of HIV transmission may be attributed to factors in the uninfected 

individuall [267,268], 

Thee number of sexual partners and sexual techniques, particularly anal receptive intercourse, 

aree risk factors for homosexual transmission of HIV. The presence of ulcerative genital 

infectionn is associated with higher risk of transmission (reviewed in [284]). Protection from 
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HIVV infection has been mainly attributed to anti-HIV activity of CD8 T cells and reduced 

susceptibilityy of CD4 target cells. Individuals whose target cells lack expression of HIV 

coreceptorr CCR5 due to homozygosity for a 32-base pair (bp) deletion in the CCR.5 gene are 

highlyy resistant to HIV infection [62,63,197,198] which is usually initiated by CCR5-using 

HIV-11 variants. Moreover, the level of CCR5 expression on the surface of peripheral blood 

mononuclearr cells (PBMC) has been associated with in vitro susceptibility of CD4 T cells 

[199,285]. . 

Highh expression levels of [3-chemokines [RANTES. macrophage inflammatory protein (MIP)-

laa and MIP-lp. the natural ligands for CCR5, have also been associated with resistance to 

HIV-11 infection [199,220,279,282]. (3-chemokincs down regulate CCR5 expression and 

inhibitt R5 HIV-1 infection in vitro [216-218]. Not all studies have yielded positive or 

negativee associations between RANTES levels and resistance to HIV infection [231,275], 

Polymorphismss in the coding and promoter regions of the RANTES gene (SCYA5) have been 

associatedd with increased frequency of HIV-1 infection [286-288]. 

Inn addition to these elements of innate immunity to HIV infection, acquired immune 

responsess have also been implicated in resistance to HIV infection. HLA plays a central 

immunoregulatoryy role and several polymorphisms in HLA genes have been associated with 

resistancee to sexual transmission of HIV infection: HLA-A*26 [289] and A*0205 [290] in 

homosexuall men; and A*ll  [273] and B*18 in Thai [291], B*44 and B*53 in Hispanic [292], 

DQ4DQ4 in African [293], and the A2/6802 supertype in Kenyan [294] heterosexuals. HIV-1 

specificc cytotoxic T lymphocyte (CTL) responses have been identified in many exposed 

seronegativee individuals, implying that repeated exposure to HIV may lead to protective 

immunityy [272] mediated through the HLA class I pathway [295-301]. 

Too obtain more insight into the host factors that may influence resistance to HIV-1 infection, 

wee selected 29 homosexual men from the Amsterdam Cohort Study (ACS) who remained 

uninfectedd despite high-risk sexual behaviour. We compared them with homosexual 

participantss from the same age group who seroconverted to HIV-1 during follow-up for 

certainn genotypic and phenotypic host factors reported to influence HIV-1 disease progression 

orr resistance to infection. 

•• Methods 

Subjects.Subjects. We retrospectively selected HIV-seronegative homosexual participants of the ACS 

withh high-risk sexual behaviour. They: (i) remained seronegative during a follow-up of at 

leastt 5 years before January 1996; (ii) had at least one reported episode of syphilis; and (iii) 

hadd reported unprotected receptive anal intercourse (UAR) with at least six different partners 

beforee January 1996 (introduction of highly active antiretroviral therapy). Twenty-nine 

individualss were selected (median follow-up, 10.5 years; range, 5.0-13.7 years) with a median 

off 4.0 different partners per year (interquartile range [IQR], 2.4-7.4; Table 1). The HIV-

negativee status of these individuals was confirmed at the end of follow-up using a sensitive. 

m m 
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Tablee 1 Risk behaviour of subjects in this study. 

HRSNHRSN pre-SC HIV pos 
<n<n = 29) (n = 15) <n=J44) 

syphiliss in the 5 years preceding study entry" 22,29 (75.9%) 4/15 (26.7%) 149 338 (44.1%) 

syphiliss incidence: episodes per 100 person-years (95% Cl)b 3 6(1.9-6.6) 0 na 

mediann no. lifetime partners reportedat study entry (IQR) 500(127.5-1400) 160(28.8-850) 450(130-1000) 

Mediann frequency of UAR per 100 visits (IQR) 27.8(16.2-54.4) 14.3(0-53.3) na 

Mediann yearly number of different UAR partners (IQR) 4(2.4-7.4) 5.6(3.5-9.5) na 

HIV-negativee Follow-up time in years (range) 10.5 (5.0-13.7) 6 (4.3-9.9) na 

aa Proportion of syphilis infection in the last 5 years as reported at study entry; b number of syphilis 
episodess reported per 100 HIV seronegative person-years of follow-up (95% confidence interval). 
HRSN,, High-Risk Seronegatives; pre-SC, pre-seroconverters, control group; HIV pos, Seropositive 
individualss from the Amsterdam cohort for Homosexual men, control group for genotype 
comparison;; n, number of persons in group; UAR, unprotected anal receptive intercourse; IQR, 
interquartilee range; na, not analysed. 

nestedd HIV-l Pol PCR and sensitive ELISA for the detection of HIV-specific antibodies (data 

nott shown). For controls we used pre-seroconversion samples from 15 homosexual 

individualss from the same age group who became HIV-l seropositive during follow-up in the 

ACS.. For genetic factors, control data were taken from all available HIV-1-positive 

participantss of the ACS [117,302,303]. 

GenotypeGenotype analysis. Genomic DNA was isolated from cryopreserved PBMC. CCR5-A32 

genotypingg was performed by PCR using primers flanking the 32-bp deletion in CCR5 [116]. 

CCR2b,CCR2b, SDF-1 3'A and IL4 genotyping was performed by restriction fragment length 

polymorphismm PCR analysis as described previously [117,302,303]. CCR5 promoter regions 

fromm study subjects were amplified and sequenced using primers 627T-1 and 627T-2 primers 

ass described previously [304]. Three SCYA5 single nucleotide polymorphisms were typed by 

PCRR with sequence-specific primers (SSP) (J. Tang et al., unpublished and available upon 

request).. Genotyping at HLA class I loci was performed by SSP-PCR as described elsewhere 

[305]. . 

HIVHIV susceptibility assay. Cryopreserved PBMC of study subjects were thawed and stimulated 

inn Iscove's modified Dulbecco's medium (IMDM) (BioWhittaker, Verviers, Belgium) 

supplementedd with 10% foetal calf serum (FCS; HyClone, Logan, Utah, USA) and 1 ug/ml 

phytoheamagglutininn (PHA; Murex Biotech, Dartford, UK) for 3 days (5-106 cells/ml). Six 

seriall fivefold dilutions of cell free HIV-l stocks from two R5 biological clones: variant 1, 

424.9.H11 isolated 10 days and variant 2, 172.7.G5 isolated 3 months after seroconversion 

weree titrated in triplicate on the different PHA-stimuIated PBMC (106 cells/ml) in IMDM 

supplementedd with 10% FCS and 20 U/ml recombinant interleukin-2 <rIL2; Chiron Benelux, 

Amsterdam,, the Netherlands). The infectious titre of the virus stocks of 424.9.H1 and 

172.7.G55 were 2.83 and 3.00 50% tissue culture infectious doses (TCID50) respectively, as 

determinedd on a pool of PBMC from 10 healthy blood donors. Eight days after inoculation, 

viruss production in culture supernatant was analysed with an in-house p24 ELISA [223]. 

wellss that had over two times background staining in ELISA were scored positive for virus 
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Figur ee 1 Susceptibility of PBMC to R5 virus variants, and CCR5 expression and RANTES 
productionn by PBMC from HRSN and pre-SC subjects. 
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twoo early primary R5 HIV-1 isolates. Each dot 
representss the TCID50 value of a PBMC sample 
fromm a PBMC sample from a HRSN or from a 
pre-SCC sample. TCID50 values were calculated 
fromm p24 production in triplicate wells per virus 
dilutionn after 8 days of culture, (b) Left panel: 
CCR55 expression on PBMC from HRSN and 
pre-SC.. Each dot represents the percentage of 
CCR55 expressing cells of total CD4 positive 
lymphocytess of a PBMC sample from a different 
individual.. Right panel: CCR5 expression on 3-
dayy PHA- stimulated PBMC from HRSN and 
pre-SC.. Each dot represents the percentage of 
CCR55 expressing cells of total CD4 positive 
phytoblastss of a PHA-stimulated PBMC sample 
fromm a different individual, (c) RANTES 
productionn by HRSN and pre-SC PBMC. Each 
dott represents the RANTES production of a 
singlee PBMC sample. RANTES concentration 
off culture supernatant was determined by 
ELISAA after 4 days of culture. Black dots 
representt data from CCR5-A32 wild type 
individuals;; unfilled dot (c) represents an 
individuall homozygous for the CCR5-A32 
allele;; grey dots represent data from CCR5-A32 
heterozygouss individuals. * p<0.05 Mann-
Whitneyy U test. 

HRSNN pre-SC 

replication.. The TCID50 was calculated using the proportion of wells positive per virus 
dilution.. TCID50 values were considered to reflect relative susceptibility of the subjects 
PBMCC for R5 HIV-1. 

HIV-11 susceptibility was also analysed in the presence of anti-human MlP-la, MIP-ip and 
RANTESS antibodies (R&D Systems, Minneapolis, Minnesota, USA). Here, 33.3 ug/ml of 
eachh antibody was added to a total culture volume of 500 u.1; p24 production in culture 
supernatantt was analysed at day 2, 3, 4, 5, 7 and 9 after inoculation with an R5 biological 
clone.. p24 levels were measured in ELISA, corrected for input p24 and compared to p24 
productionn levels measured in absence of added p-chemokine antibodies. 

P-ChemokineP-Chemokine production and FACS analysis. Cryopreserved PBMC were stimulated with 
PHAA for 3 days and cultured in IMDM (0.5106 cells/ml) supplemented with 10% FCS and 20 
U/mll rIL2. After 4 days, cell-free culture supernatant was harvested and stored at -70°C until 
analysis.. MlP-la, MIP-ip and RANTES levels in the culture supernatant were determined by 
ELISAA (R&D Systems) according to manufacturer's protocol. Cryopreserved PBMC were 
thawedd and stained with mAb directed against CD4 (-PerCP; Becton Dickinson, San Jose, 
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California,, USA) and CCR5 (-FITC; Pharmingen, San Diego, California, USA). Incubations 

weree performed for 20 min at 48°C. Analysis was performed on a FACScalibur (Bccton 

Dickinson). . 

DeterminationDetermination of interferon-y producing HIV-specific CD8 T cells. Interferon (IFN)-y 

producingg antigen-specific T cells were enumerated using IFN-y specific ELIspot assays as 

previouslyy described [306,307] using 96-well nylonbacked plates (Nunc, Roskilde, Denmark) 

andd IFN-y specific mAb (MABTECH, Stockholm, Sweden). PBMC were added at 105 cells 

perr well in triplicate, in the absence or presence of 10 ug/ml peptide, and incubated overnight 

att 37°C. PHA stimulation served as a positive control to test the capacity of PBMC to produce 

IFN-- y. IFN-y producing cells were detected as dark spots and counted using an automated 

spott reader (AEL.VIS., Software version 3.2, Hanover, Germany). HIV-1 specific IFN-y 

responsess were indicated as number of spot-forming units (SFU) per 10' PBMC after 

subtractionn of background staining. Only samples with at least twice the number of spots 

observedd with medium alone were considered positive. Peptides used are listed in Table 4 

(Dutchh Cancer Institute, Amsterdam, the Netherlands; and LUMC, Leiden, the Netherlands). 

StatisticalStatistical analysis. The Mann-Whitney U test was used to compare groups; Students' t test 

wass used to compare mean cellular expression levels. Pearson ~f test was used to compare 

genotypee distributions, Mantel Haenszel common odds ratio's (OR) and 95% confidence 

intervalss (CI) were calculated. Statistical analyses were performed using SPSS software 

(versionn 10.0, SPSS Inc., Chicago, Ilinois, USA). 

•• Results 

Thee 29 high-risk FHV seronegative (HRSN) men were selected on the basis of high-risk 

sexuall behaviour, an episode of syphilis and a follow-up of at least 5 years. The behaviour of 

thesee HRSN and that of the two control groups is shown in Table 1. Assuming that the per-

contactt risk of acquiring HIV infection from UAR of all individuals in this study would be 

equal,, the approximated risk of HRSN individuals of acquiring HIV infection would be at 

leastt two times that of the pre-seroconversion (pre-SC) individuals who seroconverted during 

follow-upp (HRSN median number of different UAR partners, 10; IQR, 6.5-16; pre-SC 

mediann number of different UAR partners, 4; IQR, 0 12; see Table 1 for frequency of UAR). 

HIVHIV  susceptibility, coreceptor expression and RANTES production. The relative in vitro 

HIV-11 susceptibility of PBMC was compared between HRSN PBMC and pre-SC PBMC of 

controll individuals. Measured TCID^o values were considered to reflect relative R5 HIV-1 

susceptibility.. As shown in Fig. la, PBMC of HRSN had lower susceptibility for R5 HIV-1 

variantt 1 (median, 2.1; IQR, 1.9-2.2) than pre-SC PBMC samples (median. 2.4; IQR, 2.2 2.7; 

PP = 0.008, Mann-Whitney U test). However, with variant 2 the difference was not statistically 

significantt (median. 2.0; IQR, 2.0-2.2 for HRSN and median, 2.3; IQR, 2.0-2.7 for pre-SC 

samples). . 
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Figuree 2 Reduced in vitro R5 HIV-1 susceptibility is due to (3-chemokine mediated inhibition. 

PHA-stimulatedd PBMC from six High-Risk Seronegatives (HRSN) and six pre-seroconversion 
sampless (pre-SC) were inoculated with an early primary R5 HIV-1 isolate in presence or absence 
off 33.3 ug/ml anti-human RANTES, MIP-1a and MIP-1B antibodies. HIV p24 production in culture 
supernatantss was measured 2, 3, 4, 5, 7 and 9 days after inoculation. All individuals are CCR5-A32 
wildd type. OD, optical density. 

Thee difference in in vitro susceptibility between HRSN and pre-SC samples was not 
explainedd by a lower level of CCR5 expression per cell (data not shown) or a lower number of 
CCR5-expressingg cells in the HRSN PBMC samples before or after PHA stimulation (Fig. 
lb).. On the contrary, the percentage of CCR5 expressing CD4 T cells after PHA stimulation 
wass even higher in the HRSN (median, 51.0%; IQR, 41.4-59.0%) than the pre-SC samples 
testedd (median, 43.3%; IQR, 35.0-53.4%; P < 0.05, Mann-Whitney U test; Fig. lb, right 
panel).. Furthermore, no difference was found in the number of CD4 CXCR4-expressing cells, 
CD44 CD25-expressing cells, CD4 CD45RO, CD27 double positive or CD8 CD45RO. CD27 
doublee positive memory cells (data not shown). 

InIn vitro RANTES production of PHA-stimulated PBMC samples was significantly higher for 

HRSNN samples (median, 6.9 ng/ml; IQR, 3.5-11.0) than for pre-SC samples (median, 3.3 

ng/ml;; IQR, 1.1-6.7; P < 0.05, Mann-Whitney U test; Fig. lc). MlP-la and MIP-ip 

productionn correlated significantly with RANTES production (data not shown). Although 

higherr level of RANTES production might have explained the reduced susceptibility of 

HRSNN PBMC, RANTES production did not correlate with PBMC susceptibility or CCR5 

expressionexpression levels (data not shown). To investigate further whether high in vitro p-chemokine 

productionn might explain the low in vitro R5 susceptibility, we compared the kinetics of R5 

HIV-11 replication in CCR5 wild-type PBMC in the presence or absence of antibodies directed 

againstt human P-chcmokines (Fig. 2). Addition of anti-human P-chemokine antibodies to two 

HRSNN PBMC cultures with low R5 susceptibility (451 and 478) restored p24 production to 

levelss comparable with those of the other cultures. Addition of anti-human p-chemokine 

antibodiess to the PBMC cultures with average R5 susceptibility did not further enhance R5 

replication. . 

GenotypicGenotypic distribution. In comparing HRSN with HIV-1-infected ACS participants, we found 
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Tablee 2 Genotype distribution in high-risk seronegatives compared to seropositives. 

allele allele 
High-RiskHigh-Risk Seronegatives Seropositives from ACS odds ratiob 

CCR5CCR5 A32 

CCR2CCR2 V641 

SDF-lSDF-l 3'A 

1L41L4 -5S9T 

SCYA5SCYA5 -403A 

SCYA51S1.1C SCYA51S1.1C 

SCYA5SCYA5 3 'UTR C 

33 v2 tact olldl 

homozygous homozygous 

3.4%% (1/29) 

3.4%% (1/29) 

6.9%% (2/29) 

0.0%% (0/29) 

0.0%% (0/29) 

3.4%% (1/29) 

0.0%% (0/29) 

heterozygous heterozygous 

6.9%% (2/29) 

10.3%% (3/29) 

51.7%% (15/29) 

27.6%% (8/29) 

24.1%% (7/29) 

20.7%% (6/29) 

10.3%% (3/29) 

homozygous homozygous 

0.0%% (0.344) 

1.4%% (5/345) 

3.5%% (12/345) 

2.9%% (10/342) 

2.9%% (4/136) 

3.0%% (4/134) 

3.7%% (5/134) 

ww \A/air>KQi-r i a . 

heterozygous heterozygous 

19.8%% (68/344) 

15.0%% (52/345) 

27.8%% (96/345) 

26.0%% (89/342) 

27.2%% (37/136) 

19.4%% (26/134) 

21.6%% (29/134) 

frequency frequency 

HRSNHRSN SP 

0.077 0.10 

0.099 0.09 

0.333 0.17 

0.144 0.16 

0.122 0.17 

0.144 0.13 

0.055 0.15 

P" P" 

ns s 

ns s 

<0.05 5 

ns s 

ns s 

ns s 

ns s 

(95%% CI) 

2.144 (0.63-7.26) 

1.222 (0.40-3.63) 

0.322 (0.15-0.69) 

1.288 (0.53-3.09) 

1.36(0.54-3.42) ) 

0.911 (0.35-2.33) 

2.955 (0.84-10.36) 

aX22 test, allele distributions are in Hardy-Weinberg equilibrium; " Mantel-Haenszel common odds ratio 
estimate.. ACS, Amsterdam Cohort Study; HRSN, High-Risk Seronegatives; SP, Seropositives from 
thee ACS; ns, not significant; CI, confidence interval of odds ratio. 

Tablee 3 HLA class 1 types that are significantly higher represented in high-risk seronegatives than 
seropositives. . 

HLA HLA 

A*ll A*ll 

A*3I A*3I 

CM-*CM-*  15 

classclass 1 allele High-RiskHigh-Risk Seronegatives 

24.1%% (7/29) 

17.2%% (5/29) 

13.8%% (4/29) 

SeropositivesSeropositives from ACS 

10.0% % 

5.7% % 

1.4% % 

(14/140) ) 

(8/140) ) 

(2/140) ) 

P" P" 

<0.05 5 

<0.05 5 

0.001 1 

odds odds 

0.35 5 

0.29 9 

0.09 9 

ra/Zo*(95%ra/Zo*(95% CI) 

(0.13-0.96) ) 

(0.09-0.97) ) 

(0.02-0.52) ) 

aa x2 test, allele distributions are in Hardy-Weinberg equilibrium; b Mantel-Haenszel common odds 
ratioo estimate. HRSN, High-Risk Seronegatives; SP, Seropositives from the ACS; 95% CI, 95% 
confidencee interval of odds ratio. 

noo differences in the distributions of CCR5-A32, CCR2b-V641, SDF-l 3 A, IL4-5S9T and 
SCYA5-403A,SCYA5-403A, Inl.lC and 3 'UTR-C polymorphisms (Table 2). However, the prevalence of 
thee SDF-l 3'A polymorphism was significantly higher in the HRSN (P < 0.05, x2 test; OR, 
0.32;; 95%CI, 0.15-0.69). The prevalence of HLA-A* 11, A*31 and Cw*15 alleles was also 
significantlyy higher in the HRSN than in the H1V-1 infected cohort participants (A *11: 7/29 
versuss 14/140; P < 0.05; OR, 0.35; 95% CI, 0.13-0.96; A*31: 5/29 versus 8/140; P < 0.05; 
OR,, 0.29; 95% CI, 0.09-0.97; Cw*l5: 4/29 versus 2/140; P = 0.001: OR, 0.09; 95% CI, 
0.022 0.52; Table 3) but no evidence for linkage of these HLA alleles was found. 

CTLCTL response. We performed ELIspot assays to determine the presence of IFN-y producing 
HIV-11 specific T cells. All HRSN samples tested originated from a calendar period closely 
afterr the calendar period of highest reported risk behaviour. Low frequencies of HIV-1 
specificc CTL responses were detected in 11 out of 26 (42%) HRSN PBMC samples tested, 
butt also in seven out of 12 (58%) pre-SC PBMC samples tested (Table 4). No HIV-1 specific 
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Tablee 4 Proportion of high-risk seronegatives and pre-seroconversion samples with detectable 
HIV-11 -specific CTL. 

HRSNHRSN pre-SC 
HLAHLA HIV-1 . 

HIV-1HIV-1 epitope proportion proportion SFU 
restrictedrestricted protein SFU range 

positive"positive" positive" range 

~V9~V9 5-34 

1/99 5 

1/33 41 

0/44 na 

1/33 12 

0/55 na 

0/11 na 

7/127/12 5-41 

33 number of individuals with positive HLA-restricted CD8+ response of tested individuals; b overall 
response,, an individual is considered positive if positive for at least one epitope; see Methods for 
definitionn of positive ELIspot response. HRSN, high-risk seronegatives; pre-SC, pre-seroconversion 
samples;; SFU, spot forming units per 1  105 PBMC; na, data not available. 

CTLL responses could be detected in healthy blood donor controls (data not shown). No 
differencee was found in magnitude (median, 24 SFU/IO5 PBMC; range, 3-54 SFU/IO5 PBMC 
versusversus median, 30 SFU/105 PBMC; range, 5-41 SFU/105 PBMC) or breadth (median. 0 
versusversus 1) of the responses between HRSN and pre-SC. The detected HIV-specific CTL 
responsess may therefore not necessarily reflect protective immune responses against HIV 
infection,, but rather indicate previous exposure to the virus. 

Still,, HLA-B*57 and HLA-B*07 restricted responses were detected only in the HRSN. One of 
thee two tested HLA-B*57~posrtwe HRSN had a detectable B*57 restricted response, although 
thiss response was very low (Table 4). In the //I^-5*57-positive pre-SC control no B*57 

restrictedd response was detected, while we did detect a positive B*0S restricted response in 
thiss subject (Table 4). Three out of nine //L/J-£*(?7-positive HRSN, but none of the four 
HLA-B*07-posit\vcHLA-B*07-posit\vc pre-SC controls had a detectable S*fl7-rcstricted HIV-specific CTL 
response. . 

Thee higher prevalence of HLA-A*II  in HRSN compared to the HIV-positive control group 
promptedd us to test A*l  /-restricted IFN-y responses. Four A* I /-restricted HIV-1 peptides 
thatt induced high IFN-y responses in HIV-1-infected individuals were used. No A*ll~ 

restrictedd responses in either the seven HLA-A*I/-typed HRSN or the five pre-SC controls 

A2 2 

A2 2 

A3 3 

B7 7 

B8 8 

B35 5 

B57 7 

AllAll  available 

SLYNVATL L 

ILKEPVHGV V 

QVPLRPMTYK K 

RLRPGGKKK K 

IPRRIRQGL L 

RPNNNTRKSI I 

TPGPGVRYPL L 

EIYKRWII I 

EPIVGAETF F 

PP1PVGF.IY Y 

WASRELERF F 

KAFSPEVIPMF F 
h h 

Gag g 

Pol l 

Nef f 

Gag g 

Env-gp41 1 

Env-gpl20 0 

Nef f 

Gag g 

Pol l 

Gag g 

Gag g 

Gag g 

2/11 1 

2/11 1 

3/5 5 

3/9 9 

3/9 9 

0/3 3 

1/2 2 

11/26 11/26 

19-44 4 

3-11 1 

21-54 4 

15-18 8 

4-12 2 

na a 

4 4 

3-54 3-54 
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weree above background levels as measured in healthy controls (data not shown). 

•• Discussion 

Wee studied correlates of resistance to HIV infection in 29 homosexual men who remained 

seronegativee despite high-risk sexual behaviour. We analysed in vitro R5 HIV-1 susceptibility 

off PBMC, expression levels of T-cell markers and HIV coreceptors, RANTES production 

levelss and HIV-specific CTL responses. Our study was strengthened by the inclusion of a 

controll group of cohort participants from the same age group who seroconverted to HIV-1 in 

thee same calendar period in which the HRSN were studied. The distribution of chemokine 

receptor,, chemokine and HLA class I polymorphisms previously associated with HIV-1 

resistancee or delayed disease progression were compared between HRSN and seropositive 

participantss of the same cohort study. 

PBMCC from the HRSN as a group had a reduced susceptibility for infection by one out of two 

HIV-11 R5 variants as compared to pre-seroconversion PBMC samples from subsequently 

HIV-11 infected controls. The R5 variants used here were isolated from two different 

individualss early in infection and should therefore be considered to have the relevant 

phenotypee for establishing infection after transmission. The individual level of susceptibility 

too variant 1 correlated with the level of susceptibility to variant 2 (data not shown), suggesting 

moree generally reduced susceptibility for HIV infection in some individuals. In female sex 

workerss [231,275] and in discordant heterosexual couples [308] no differences were found in 

HIV-11 susceptibility between the seronegative partners and healthy blood donors. However, 

ourr results are in concordance with others [199] who found a reduced HIV susceptibility of 

PBMCC from exposed seronegative homosexual men with known HIV-1 positive partners 

[220]] and from uninfected children from infected mothers [269]. Perhaps reduced in vitro 

HIVV susceptibility of PBMC is only relevant for resistance to certain transmission routes. 

Inn agreement with other studies [199,220,221,273,276,279], we found enhanced RANTES 

productionn of PBMC from HRSN as compared to pre-seroconversion samples from our 

controll group. Elevated serum RANTES levels have also been reported in a study on exposed 

seronegativee individuals [282], whereas other studies reported normal levels of p-chemokine 

productionn in high-risk homosexuals or female sex workers [274,275,283]. This discrepancy 

mightt be related to the method used to activate the cells to produce P-chemokines. Enhanced 

RANTESS production may relate directly to the decreased R5 HIV susceptibility of HRSN 

PBMC.. Indeed, addition of antibodies directed against human p-chemokines in PBMC 

culturess of two HRSN with low susceptibility restored p24 production to normal levels, 

indicatingg that the low in vitro susceptibility in these two HRSN samples is indeed due to p-

chemokincc mediated inhibition. However, although PBMC from HRSN as a group and 

PBMCC from pre-SC as a group differ in in vitro HIV-1 susceptibility and RANTES 

production,, at the individual level these features partially overlap. This implies that RANTES 

mediatedd HIV-1 resistance may explain reduced HIV-1 susceptibility in some HRSN but that 
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itt is not a general mechanism of HIV resistance. 

Onee of the 29 HRSN individuals studied here was homozygous for the CCR5-A32 allele. 

Resistancee to HIV infection conferred by this genotype has been reported before 

[62,63,197,198]] and is consistent with the observation that new infections are generally 

establishedd by R5 macrophagetropic variants [10]. Two out of 29 HRSN individuals were 

heterozygouss for the CCR5-A32 allele, a frequency similar to that in the HIV-infected ACS 

population.. In larger studies, A32 hcterozygotcs were significantly less likely to be HIV 

infectedd [255,309,310], suggesting that lower CCR5 expression or possibly concomitant 

higherr (3-chemokine production might confer partial resistance to HIV-1 infection. No 

associationn with CCR5 promoter polymorphisms were found (data not shown), in contrast 

withh findings in certain other studies [255,310]. To exclude the possibility that our data were 

skewedd due to the inclusion of the HRSN individual homozygous for the CCR5-A32 

polymorphism,, we also performed all statistical analyses excluding this individual and found 

noo differences. Furthermore, exclusion of all individuals harbouring a CCR5-A32 allele from 

bothh the HRSN and control groups did also not change the outcome of the analyses with the 

exceptionn of the percentage of CD45RO expressing CD8 T cells which in the analysis with 

onlyy CCR5 wild-type individuals is statistically lower in HRSN (n = 25; median, 19.8; 1QR, 

9.11 33.5) than in pre-SC (n = 14; median, 30.2; IQR: 21.3-34.6; Mann-Whitney U test. P < 

0.05). . 

AA protective role for the CCR2-64I allele has been suggested in some studies of heterosexual 

[311],, homosexual [312], and mother-to-child [271] HIV-1 transmission. In other studies 

however,, no difference in the frequency of the CCR2-64I allele was found [311,313,314]. In 

ourr study, neither the frequency of CCR2-64I nor the IL4-5H9T promoter variant differed 

betweenn HRSN and HIV-infected homosexual men. 

Sincee we found high RANTES production levels in HRSN. we also determined three known 

RANTESS gene (SCYA5) polymorphisms. No deviant frequencies of SCYA5 polymorphisms 

403A,403A, In 1.1C or 3'UTR-C were found. Interestingly, significantly more HRSN than HIV-

positivess from ACS had a SDFl-3'A heterozygote genotype, suggesting that this genotype 

mayy be associated with resistance to HIV-1 infection. A higher frequency of this 

polymorphismm has been found in one other study on protection from heterosexual 

transmissionn [273] but not in others [255,271,278]. In contrast, a high frequency of the SDF-1 

3'AA polymorphism in HIV-1 infected mothers was associated with increased vertical 

transmissionn in some studies [270,315], but not in others [271,311]. Further research is clearly 

neededd to determine whether this SDF-1 polymorphism itself or another marker connected to 

itt influences acquisition or transmission of HIV infection. 

Severall studies have reported a possible role for HIV-specific CTL in resistance to HIV 

infectionn [272,273,281,295-301,316,317]. while others found only rare or absent HIV-specific 

CTLL responses in exposed seronegative individuals [283,318]. In our study, HIV-specific 

CTLL were detected in some HRSN and pre-seroconvcrsion controls but not in healthy 

xs s 
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individuals.. Our pre-seroconversion controls resembled Nairobi female sex workers [319] and 

exposedd seronegative homosexual men [318], who also seroconverted despite detectable HIV-

specificc CTL responses. The HIV-specific CTL responses detected in these groups may 

thereforee merely reflect exposure to the virus [320] or recall to other cross-reactive antigens 

[318]] rather than resistance to infection. 

Nevertheless,, resistance to HIV infection resulting from CTL responses to certain specific 

HIV-epitopess cannot be excluded. Differential recognition of distinct CTL epitopes between 

highlyy exposed seronegative and seropositive female sex workers in Nairobi has been 

reportedd [316], although a direct effect of the presence of HIV in the seropositive women may 

havee accounted for the differences. The differentially recognized epitopes were restricted to 

thee HLA class I alleles that were associated with resistance to HIV infection. Here, we 

observedd significantly higher frequencies of HLA-A*IJ, .4*31 and C\v*15 in HRSN as 

comparedd with the HIV-positive men. An association between HLA-A*11 and resistance to 

HIVV infection was also found in a cohort of female sex workers in Thailand [273]. We 

searchedd further for potentially protective CTL responses against A *I  /-specific HIV-1 

peptides,, but none of the participants showed ELIspot responses to any of four different HLA-

A*IA*I  J -restricted HIV-1 peptides that were above background levels as measured in control 

healthyy blood donors (data not shown). Other previously reported associations between HLA 

typee and HIV resistance were not confirmed here [289,291-294]. 

Inn conclusion, various genetically mediated factors of innate and acquired host immunity may 

influencee resistance to HIV-1 infection. Understanding of these multiple mechanisms may 

ultimatelyy provide new clues for vaccine development and post-exposure prophylaxis. 
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Abstract Abstract 

DifferentDifferent features have been associated with low susceptibility to HIV-I infection in 

exposedexposed seronegative individuals. These include genetic make-up such as 

homozygosityhomozygosity for the A32-CCR5 allele and the presence of HIV-specific cytotoxic T 

lymphocytes.lymphocytes. We studied immune activation and immune responsiveness in relation 

toto HIV-I susceptibility in 42 high-risk seronegative (HRSN) participants of the 

AmsterdamAmsterdam Cohort Studies and 54 men from the same cohort who were 

seronegativeseronegative at the moment of analysis but later became HIV-seropositive. HRSN 

hadhad higher naïve (CD45ROCD27) CD4+ and CD8+ T cell numbers and lower 

percentagespercentages of activated (HLADR+CD38+, CD70+) CD4* and proliferating (Ki67+) 

CD4CD4++  and CD8' Tcells, irrespective of previous syphilis and gonorrhea episodes. 

Furthermore,Furthermore, whole blood cultures from HRSN showed lower lymphoproliferative 

responsesresponses than healthy laboratory controls. These data suggest that low levels of 

immuneimmune activation and low T cell responsiveness may contribute to low HIV 

susceptibility. susceptibility. 

•• Introduction 

Raree individuals have been described who remain persistently seronegative for antibodies 

againstt human immunodeficiency virus type 1 (HIV-1) despite multiple high-risk sexual 

exposuress to the virus. These high-risk seronegative (HRSN) individuals include children 

bornn from HIV-infected mothers [266-269], female sex workers in areas where HIV infection 

iss epidemic [231,272-275] hemophiliacs who received HIV-1-contaminated blood 

preparationss [276,277] and sexual partners of HIV-1 infected individuals [199,279-283]. 

Differentt mechanisms may influence host susceptibility to HIV infection. Infection is 

generallyy initiated by CCR5-using HIV variants and individuals whose target cells lack CCR5 

expressionn due to a homozygous 32 base-pair deletion in the CCR5 gene are highly resistant 

forr HIV infection [62,63,197,198], Heterozygosity for the A32-CCR5 allele and high 

expressionn levels of the CCR5 ligand RANTES have also been associated with resistance to 

HIVV infection [255,309,310]. HIV-specific CTL have been identified in many exposed 

seronegativee individuals, suggesting a role for HIV-specific cytotoxic T lymphocyte (CTL) 

responsess in resistance to HIV infection [272,281,295,297-301]. However, these responses 

nott necessarily reflect protective cellular immunity from infection but may merely reflect 

exposuree to the virus [321], since we found similar amounts of HIV-specific CTLs in 

seronegativee men who later became HIV-1 seropositive [320]. For many HRSN the 

underlyingg mechanism of resistance to HIV-1 infection remains unclear. Insight into this 

mechanismm may help to understand the mechanism of HIV-1 transmission and to improve the 

developmentt of preventive measures. 

Itt has been shown that after vaginal exposure of rhesus macaques to SIV, the majority of 

infectedd cells in the mucosa are resting CD4+ T cells [89,322]. Zhang et al. [322] proposed a 
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modell for HIV transmission where initial low level virus replication in resting CD4' T cells 

sustainss local infection, while spread of infection from the initial site and subsequent 

seroconversionn depends on infection of activated CD4 T cells. Higher levels of virus 

productionn by activated CD4 T cells may increase HIV transmission efficiency as is 

observedd in the setting of pre-existing mucosal inflammation due to other sexually 

transmittablee infections (STIs) or induced by some microbicides [323-325]. 

Wee studied the association between immune activation and susceptibility to HIV-1 infection 

inn high-risk seronegative homosexual men (HRSN) from the Amsterdam Cohort Studies 

(ACS).. We hypothesized that having low levels of activated CD4" T cells could protect 

againstt HIV-1 seroconversion, despite high-risk sexual behavior. Therefore, we compared the 

expressionn of cellular activation markers between HRSN individuals and ACS participants 

whoo were seronegative at the moment of analysis but later did become HIV-1 positive. In 

addition,, we compared in vitro stimulatory T cell responses in fresh blood samples from 

HRSNN to those in healthy blood donor samples. Our data suggest that low levels of immune 

activationn are associated with resistance to HIV-seroconversion. 

•• Methods 

StudyStudy participants Forty-two homosexual men with high-risk sexual behavior that 

persistentlyy remained HIV-seronegative (HRSN) were selected from the Amsterdam Cohort 

Studiess (ACS). These men had an HIV-seronegative follow-up of at least 5 years despite 

unprotectedd receptive anogenital sex with at least 6 different partners. As a control group, 54 

ACSS participants were selected who seroconverted during follow-up in the same time period, 

fromm 1983 until January 1996, and of whom pre-seroconversion (pre-SC) cryo-preserved 

sampless were available. Pre-SC control samples were taken at least 6 months before HIV-1 

seroconversionn (median: 36.7 months, interquartile range (IQR): 15.5-52.4). There was no 

differencee in age between the groups. Table 1 shows the risk behavior of the study 

participants.. In addition to using cryo-preserved samples, we requested fresh blood samples 

fromm HRSN of whom updated contact addresses were available (n=23). Ten did not respond 

too our request, 3 declined and 10 men donated. The HIV-seronegative status of HRSN 

individualss was confirmed using a standard HIV antibody test (Vidas HIV DUO, bioMerieux, 

Lyon,, France). For controls of these 10 fresh blood samples we used 193 fresh blood samples 

off healthy donors with no reported risk behavior. This study was approved by the medical 

ethicall committee of the Academic Medical Centre Amsterdam and informed consent was 

obtainedd from all study participants. 

FACSFACS analysis Cryo-preserved PBMC samples were stained with the following combinations 

off monoclonal antibodies: 1. CD4 (-APC: Becton Dickinson (BD), San Jose, CA), CD8 (-

PerCP;; BD), HLADR (-FITC; BD) and CD38 (-PE; CLB, Amsterdam, Netherlands); 2. CD4 

(-PerCP;; BD). CD45RO (-APC; BD), CCR5 (-FITC; Pharmingen, San Diego, CA) and 

CXCR44 (-PE; Pharmingen); 3. CD4 (-PerCP; BD), CD8 (-FITC; BD), biotinylated CD70 (a 
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Tablee 1 Risk behavior of study participants. 

Subjects Subjects 

HRSN N 

pre-SC C 

n n 

42 2 

54 4 

syphiliss A 

24/422 (57.1%) 

16/533 (30.2%) 

gonerrheaa A 

25/422 (59.5%) 

34/533 (64.2%) 

lifetimee partners 

att study entry * 

5000 (128-1325) 

1200 (30-800) 

UARR partners 

(perr year)B 

3.44 (1.8-4.8) 

1.66 (0.4-4.1) 

HIV-negative e 

follow-up p 

(years)" " 

10.55 (9.2-10.8) 

4.33 (1.8-5.6) 

Proportionn of individuals who reported a syphilis/gonerrhea episode before the moment of sampling 
forr activation marker measurement, of 1 pre-SC control no syphilis/gonerrhea record was available; 
Bmediann numbers (and interquartile range) are depicted. HRSN, high-risk seronegatives; pre-SC, 
pre-seroconversionn controls; UAR, unprotected anal receptive intercourse. 

kindd gift of Dr. R.A.W. van Lier, AMC, Amsterdam) and streptavidin-APC (BD); 4. CD4 or 
CD88 (-PerCP; BD), CD45RO (-PE; BD), biotinylated CD27 (CLB) and streptavidin-APC 
(BD).. Cells were then fixated (FACS Lysing Solution, BD), permeabilized (FACS 
Permeabilizationn Buffer, BD), and stained intracellular with Ki67 (-FITC; Dako, Carpinteria, 
CA).. Incubations were performed for 20 minutes at 4°C. Analysis was performed on 
FACScaliburr (Becton Dickinson) with Cellquest software. 

ProliferationProliferation assay Lymphocyte proliferation was measured by [ HJthymidine incorporation. 
Briefly,, fresh whole blood samples were cultured in IMDM medium alone or with antibodies 
directedd against human CD3 (aCD3) either with or without aCD28; a combination of aCD2 
andd aCD28; or with 5 jig/ml phytohemagglutinin (PHA). After 3 days [HJthymidine was 
addedd to the culture and cellular DNA was harvested after 24 hours. [' HjThymidine 
incorporationn was counted in a 1205 Betaplate scintillationcounter and corrected for T cell 
inputt using CD3 counts obtained by FACS analysis. 

StatisticalStatistical analyses Mann-Whitney U test was used to compare groups since most data were 
nott normally distributed. Statistical analyses were performed using SPSS software (version 
11.5,, SPSS Inc., Chicago, IL, USA). 

•• Results 

ExpressionExpression of activation markers in HRSN and pre-SC. To examine if immune activation 
levelss play a role in the risk of HIV-1 transmission, we compared the expression of several 
CD44 and CD8 lymphocyte activation markers between high-risk seronegative (HRSN) 
individualss and pre-seroconversion (pre-SC) samples from ACS participants who became 
HIV-11 seropositive later in follow-up. The pre-SC control samples were chosen at least six 
monthss before HIV-1 seroconversion (median: 36.7 months, IQR: 15.5-52.4). There was no 
differencee between the groups in the calendar period of sampling or in age. 
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Figur ee 1 CD4 and CD8 T cell numbers. 

A.. Median numbers of CD4+ and CD8+ T cells of 
HRSNN (grey bars) and pre-SC controls (black bars). 
B.. Median numbers of CD4+ (left) and CD8+ (right) T 
celll subsets of HRSN and pre-SC controls. N: na'i've 
(CD45RO"CD27+);; M: memory (CD45RO+CD27+); 
ME:: memory-effector (CD45RO+CD27); E: effector 
(CD45ROCD27").. Error bars indicate interquartile 
range.. * p<0.05, ** p<0.001. 

HLADR-- CD70- KB7-
CD3S--

HLADR-CD70-KJ67--
CD38--

 HRSN(n=42) 
 pre-SC (n=64) 

Figur ee 2 Expression of activation markers on 
CD4++ and CD8+ T cells. 

Mediann percentages of HLADR+/CD38+, 
CD70++ and Ki67+ cells within the CD4+ (left) 
andd CD8+ (right) T cells of HRSN (grey bars) 
andd pre-SC controls (black bars). Error bars 
indicatee interquartile range. * p<0.05, ** 
p<0.001. . 

Thee absolute number of CD4+ T cells was higher in HRSN than in pre-SC controls, while 
theree was no significant difference in the number of CD8+ T cells (Figure 1). The numbers of 
naivee (CD45RO~CD27+) CD4+ and CD8+ T cells were higher in HRSN compared to pre-SC 
controls,, and the numbers of memory-effector (CD45RO+CD27) CD4+ and CD8+ T cells 
weree lower (Figure 1). The percentages of proliferating (Ki67+) CD4+ and CD8+ T cells were 
lowerr and of activated (HLADR+CD38+ and CD70+) CD4+ T cells were lower, but the 
percentagee of activated (HLADR+CD38+) CD8+ T cells was significantly higher in the HRSN 
thann in pre-SC controls (Figure 2). 

Analysiss of the expression of HIV-1 coreceptors CCR5 and CXCR4 on CD4+ T cells showed 
thatt HRSN had lower percentages of CXCR4-expressing CD4+ T cells compared to pre-SC, 
alsoo within the CD45RO+ subset (Table 2). The percentage of CCR5-expressing CD4+ T cells 
wass not different between HRSN and pre-SC controls, but within the CD4+ CD45RO+ T cells 
aa significantly lower percentage of CCR5+ cells was found in HRSN. Due to higher CD4+ T 
celll numbers in HRSN, no differences between absolute numbers of CXCR4+ or CCR5+ CD4+ 

TT cells were found between HRSN and pre-SC. 

vo o 



Chapterr S II cell actKation and IIIV-1 su-.cepuhiht\ 

ExpressionExpression of activation markers in relation to syphilis and gonorrhea exposure. To 
examinee whether the differences found in the expression levels of activation markers were 
duee to differences in risk behavior or associated with the occurrence of sexually transmitted 
infectionss (STIs), we determined the number of lifetime partners, the number of different 
unprotectedd anal receptive intercourse (UAR) partners, and the occurrence of 
syphilis/gonorrheaa in HRSN and pre-SC controls. HRSN reported higher risk behavior and a 
higherr proportion of HRSN had experienced a syphilis episode compared to the pre-SC 
controlss (Table 1). Comparing individuals who had and who had not reported an STI, we 
foundd that pre-SC controls who reported at least one STI episode in their lifetime had 
significantlyy higher percentages of CD70+ and Ki67+ CD4+ T cells compared to pre-SC 
controlss who never reported an STI episode (Figure 3). Interestingly, no significant 
differencess in T cell activation levels were found between HRSN who did and who did not 
reportt an STI episode. Thus, pathogen exposure did affect the level of immune activation in 
pre-SCC controls but not in HRSN individuals. 

Finally,, 8 out of 42 HRSN and 15 out of 53 pre-SC controls did not report a syphilis or 
gonorrheaa episode before the moment of sampling (from one pre-SC control no STI data were 
available).. Excluding these participants from our analyses we found the same statistically 
significantt differences in T cell markers between HRSN (n=34) and pre-SC controls (n=38) as 
reportedd above (data not shown), confirming that the lower T cell activation levels found in 
HRSNN compared to pre-SC controls are not caused by differences in STI incidence. 

InIn vitro proliferation. The observation that HRSN have lower CD4+ T cell activation levels 
thann pre-SC controls despite high STI incidence suggests that T cells from HRSN are less 
responsivee to antigen exposure than T cells from pre-SC controls. To test whether HRSN 
havee indeed low lymphoproliferative responses compared to healthy blood donor controls, we 
collectedd fresh blood samples from the HRSN. Collected samples were tested for HIV 
antibodiess and proved seronegative. 

Tablee 2 HIV coreceptor expression on CD4+ T cells. 

HRSNHRSN pre-SC 

DfDf T'cells 

%CCR5+ + 

%CCR5^ofCD45RCf f 

%CXCR4+ + 

%CXCR4^ofCD45R(T T 

CCR5++ (cells/nl) 

CCR5'' CD45RO' (cells/^l) 

CXCR4'' (cells/nl) 

CXCR4"" CD45RO' (cell s/jal) ) 

n n 

42 2 

42 2 

42 2 

42 2 

42 2 

42 2 

42 2 

42 2 

median median 

10.6 6 

18.0 0 

80.4 4 

68.4 4 

89 9 

69 9 

556 6 

247 7 

IQR IQR 

8.2-14.5 5 

15.9-22.7 7 

71.9-88.6 6 

58.7-74.6 6 

61-108 8 

45-98 8 

460-784 4 

168-342 2 

n n 

51 1 

50 0 

51 1 

50 0 

46 6 

45 5 

46 6 

45 5 

median median 

10.1 1 

24.5 5 

91.7 7 

81.7 7 

75 5 

77 7 

540 0 

241 1 

IQR IQR 

8.4-17.0 0 

16.5-29.7 7 

88.0-95.2 2 

73.7-87.6 6 

52-117 7 

51-113 3 

462-725 5 

51-113 3 

p-value p-value 

0.717 7 

0.008 8 

<0.001 1 

<0.001 1 

0.452 2 

0.405 5 

0.559 9 

0.872 2 

AMann-Whitneyy U test, p-values <0.05 are depicted in bold type. HRSN, high-risk seronegatives; 
pre-SC,, pre-seroconversion controls; IQR, interquartile range. 
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Figur ee 3 Expression of activation markers in relation to reported STI episodes. 

Mediann percentages of HLADFT/CD38', CD70* and Ki67+ cells within the CD4+ (left) and CD8+ 

(right)) T cells of HRSN (grey bars) and pre-SC controls (black bars) who did (hatched) or did not 
(even)) report a syphilis or gonorrhea episode. Error bars indicate interquartile range. * p<0.05. 

Whenn compared to laboratory controls, we found statistically significant lower levels of 
[3H]thymidinee incorporation in fresh whole-blood samples from HRSN after stimulation with 
PHAA (HRSN (n=10) median 799 cpm/103 T cells, IQR 547-997; controls (n=193) median 
12944 cpm/103 T cells, IQR 1037-1600; P<0.001), and after stimulation with a combination of 
antibodiess directed against human CD3 and CD28 (HRSN (n=10) median 1072 cpm/103 T 
cells,, IQR 727-1393; controls (n=193) median 1324, IQR 1039-1556; PO.05) (Figure 4). 
Alsoo after stimulation with antibodies directed against human CD3 only, or antibodies 
directedd against CD2 and CD28 responses in HRSN whole-blood samples were lower than 
controls,, but not significantly. Remarkably, also the spontaneous ex vivo lymphoproliferation 
(withoutt any stimulatory agent added) was lower in HRSN than in control samples (HRSN 
(n=10)) median 1.28 cpm/103 T cells, IQR 0.50-2.02; controls (n=182) median 1.91, IQR 1.21-
2.86;; PO.05) (Figure 4). 

Discussion Discussion 

Immunee activation may play a role in HIV transmission efficiency. Zhang et al. have shown 
thatt at the site of infection, mostly resting CD4+ T cells are infected. They hypothesized that 
initiall low-level replication in these resting CD4+ T cells sustains local infection, but that only 
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higherr levels of virus production by 
activatedd CD4* T cells may enable spread 
off infection from the initial site throughout 
thee lymphatic tissue [322]. High levels of 
activatedd CD4+ T cells at the site of HIV-1 
exposuree may increase HIV-1 transmission 
efficiencyy while low levels of activated 
CD4++ T cells may be associated with a 
persistentt HIV-seronegative status despite 
high-riskk sexual behavior. 

Too test this hypothesis we examined 
whetherr low expression levels of cellular 
activationn markers correlated with 
persistentt HIV-seronegative status despite 
high-riskk sexual behavior. Indeed, HRSN 
showedd lower levels of CD4+ T cell 
activationn (HLADR+CD38+ and CD70+) 
andd CD4f and CD8+ T cell proliferation 
(Ki67^)) compared to pre-SC controls, 
suggestingg lower levels of activated CD4+ target cells. However, HRSN did show higher 
percentagess of HLADR+CD38+ CD8+ T cells compared to pre-SC controls, which may be 
indicativee of active CD8+ immune response, possibly, but not necessarily, directed against 
HIV-1.. Excluding participants who did not report a syphilis or gonorrhea episode from our 
analyses,, gave the same results. This suggests that the reported differences between HRSN 
andd pre-SC controls are not related to differences in levels of pathogen exposure. In fact, pre-
SCC controls who reported an STI episode had elevated levels of CD4+ T cell activation 
comparedd to pre-SC controls who did not report an STI episode while this difference was not 
foundd in HRSN. This may reflect lower immune responsiveness to pathogen exposure in 
HRSNN individuals. 

Itt has been shown in healthy individuals that increased levels of immune activation are 
associatedd with low naive T cell numbers and increased numbers of memory and effector T 
cellss [326]. HRSN had higher numbers of naïve T cells and lower numbers of memory-
effectorr T cells compared to pre-SC controls despite high pathogen exposure, again 
suggestingg that in these individuals pathogen exposure did not induce the same level of 
immunee activation. Indeed, lymphoproliferative responses in HRSN were significantly lower 
thann in healthy controls, confirming previous results by Salkowitz et al. [277] who compared 
lymphoproliferativee capacity of high-risk seronegative hemophiliacs with healthy blood 
donors.. These data suggest that a less reactive immune system results in lower immune 
activationn levels which may lower the chance of HIV-1 seroconversion. This protective effect 

PHAA aCD2 aC0 3 aC0 3 
aCD288 aCD2 8 

HRSNN (0=9) 
Controlss (n=193) 

Figur ee 4 T cell proliferation capacities of HRSN 
andd healthy controls. 

Mediann [3H]thymidine incorporation by T cells 
stimulatedd with PHA, CD2/CD28, CD3 or 
CD3/CD288 monoclonal antibodies and by 
unstimulatedd T cells of HRSN (grey bars) and 
bloodd donor controls (black bars), cpm: counts 
perr minute. Error bars indicate interquartile 
range.. * p<0.05, **p<0.001. 
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mayy be due to lower numbers of activated CD4+ T cells at the site of infection that otherwise 

wouldd have contributed to the spread of the infection to draining lymph nodes. 

Inn contrast with our data, one study reported no differences in CD4' T cell numbers, elevated 
CD8^^ effector (CD62LRA) numbers and lower naive and CD28 CD8* T cells subsets in 
HRSNN men compared to bloodbank donors [283]. In another study, elevated percentages of 
CD38'' CD8* T cells but no difference in HLADR*CD38~ CD8+ percentages nor in naive or 
memoryy CD8" T cell numbers were found in HIV-exposed seronegative female sex workers 
comparedd to low-risk blood donors [274]. Conceivably, differences in levels of immune 
activationn reported in these studies may reflect higher pathogen exposure in HRSN compared 
too the low-risk blood donors that were used as controls. To be able to distinguish between 
effectss of pathogen exposure and exposed seronegative status, we here used samples taken 
beforee HIV-seroconversion from a control group that consisted of participants of the same 
cohortt study who eventually became HIV-seropositive. 

Ass mentioned, other known factors may be involved in protection from HIV-seroconversion. 
Inn agreement with our previous observations [321] and other reports [199,220,279,282], we 
foundd significantly higher RANTES production of PHA-PBMC in vitro before and after CD8 
TT cell depletion in HRSN compared to low-risk blood donors (data not shown). In addition, 
becausee the CCR5-A32 genotype has been associated with resistance to HIV infection 
[309],[255]] we analyzed our data excluding those individuals who carried the CCR5-A32 

allele.. One out of 42 HRSN was homozygous for the 32 base pair deletion and 3 were 
heterozygouss whereas 4 out of 54 pre-SC controls were heterozygous for the deletion. 
Exclusionn of these individuals from our analyses did not change our findings (data not 
shown). . 

Thee lower activation level of CD4* T cells in HRSN compared to pre-SC controls, suggests a 
rolee for CD4+ T cell activation in HIV-1 susceptibility. Local infection of resting CD4+ T 
cellss may occur in HRSN resulting in low HIV-1 DNA levels detected in some exposed 
seronegativee individuals ([327]; F.A. Koning et al. submitted for publication). This would 
providee an explanation for the presence of HIV-specific CTL responses to regulatory HIV-1 
proteinss in many exposed seronegative individuals, including participants of our present study 
[272,297-299,301,316,321,328]. . 

Takenn together, our data suggest that HRSN individuals have less reactive CD4' T cell 
responsess upon pathogen exposure which may result in low numbers of activated CD4+ T 
cellss at the site of initial infection, preventing high level HIV-1 replication and seroconversion 
afterr HIV-1 transmission. The underlying mechanism of this low CD4+ T cell activation 
remainss to be elucidated. To our knowledge, these individuals do not have a clinical record of 
frequentt infections. Apparently, low CD4* T cell activation and low T cell responsiveness 
doess not hamper efficacious responses to common pathogens as may be reflected by the 
selectivelyy activated CD8+HLADR+CD38+ T cells. 
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Abstract Abstract 

WeWe examined PBMC of 11 HIV-seronegative homosexual participants of the 

AmsterdamAmsterdam cohort study (ACS) at high-risk for HIV-I infection for the presence of 

HIV-lHIV-l  DNA. H1V-1 pol DNA was detectable at very low levels in sequential samples 

fromfrom 5 out of 6 high-risk seronegative individuals (HRSN) and in 5 out of 5 ACS 

participantsparticipants 7.8-1.6 years prior to seroconversion. No H1V-1 DNA was detected in 

low-risklow-risk seronegative control individuals. These data indicate a relatively high 

prevalenceprevalence of extraordinary low levels of HIV-1 DNA in exposed seronegative 

individuals. individuals. 

 Methods, Results and Discussion 

Sincee the start of the HIV-pandemic rare individuals have been identified who have remained 

HIV-seronegativee despite high-risk exposure to the virus. Such cases have been extensively 

examinedd in search of determinants of resistance to HIV-1 infection which may in the end 

helpp to design preventive measures or post-exposure prophylaxis. In many high-risk 

seronegativee (HRSN) individuals, HIV-1 specific cytotoxic T lymphocyte (CTL) responses 

havee been detected [272,281,298,299,321], directed against structural as well as regulatory 

HIV-11 proteins, suggesting that these individuals have experienced HIV-1 gene expression. 

Crypticc HIV-1 infection has been reported [289,329] and a recent study by Zhu et al. reported 

thee detection of extraordinary low levels of HIV-1 DNA in purified resting CD4+ T cells from 

22 out of 10 HRSN with detectable HIV-specific CTL responses [327]. The HIV-1 DNA levels 

detectedd in these two individuals were as low as 0.05 copies per million resting CD4+ T cells, 

whichh is over 10,000 times lower than generally observed in HIV-1 seropositive individuals. 

Too examine the presence of HIV- 1 DNA in seronegative participant s of the Amsterdam 

cohortt study (ACS) at high-risk for infection, we selected 11 CCR5-A32 wild type, HIV-

seronegativee homosexual participants (ACS). Six of these individuals had remained HIV-1 

seronegativee during a follow-up of at least 11.2 years (range: 11.2-12.1 years) before January 

19966 despite self reported high-risk sexual behavior and were designated high-risk 

seronegativee (HRSN) individuals [321]. Five individuals seroconverted for HIV-antibodies 

duringg follow-up and were selected on the basis of detectable HIV-specific CTL responses 

priorr to seroconversion [321]. From these individuals PBMC DNA samples before 

seroconversionn (pre-SC) were used for analyses. The HIV-serostatus of all participants was 

protocollarlyy determined during follow-up (HTLV III EI A (1985-1989) and recombinant 

HIV-1/HII V-2 EI A, Abbott). 

DNAA was isolated for  PCR analyses from cryo-preserved PBMC using L6 DNA isolation 

methodd [257] in a 'PCR-clean' room. HIV-1 pol sequences were amplified using a nested 

PCRR performed with outer primers POL-F (TTAGTCAGTGCTGGAATCAGG, HXB2 

positionn 4199-4219) and POL-D (CCACTGGCTACATGAACTGCTAC, HXB2 position 

4473-4450)) and inner primers POL-E (GATTTTAACCTGCCACCTGTAGTAGC, HXB2 
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Tablee 1 Detection of HIV-1 pol DNA fragments in PBMC 
fromm seronegative ACS participants and controls. 

positionn 4301-4336) and POL-B 
(ATGTGTACAATCTACTTGCC C 
.. HXB2 position 4429-4410). 
Conditionss of the primary PCR 
weree 94°C for 5 min followed by 
355 cycles of 30 sec 94GC, 1 min 
50°CC and 1 min 72°C; and 10 min 
finall elongation at 72°C in the 
presencee of 1.5mM MgCl: and 1 
unitt of Taq polymerase (Promega, 
Medison,, WI). The nested PCR 
wass performed with 5 ul of the 
outerr PCR reaction. Conditions of 
thee nested PCR reaction were the 
samee as for the primary PCR with 
ann annealing temperature of 37°C 
inn the presence of 1 mM MgCK 

PCRR reaction mixes were 
preparedd in a 'DNA-free' room 
andd template DNA was added in 
anotherr room in an UV-irradiated 
flow-cabinet.. All PCR 

amplificationss were performed 
withh 10 pmol of each primer on a 
DNAA thermal cycler 480 (Perkin 
Elmer.. Froster City, CA) and 
analyzedd by electrophoresis on a 
1%% agarose gel stained with 
ethidiumm bromide. To confirm 
appropriatee amplification, PCR 
productss were purified and 
sequencedd with the ABI prism 
BigDyee Terminator sequencing 
kitt (Perkin Elmer, Froster City, 
California,, USA) according to 
manufacturer'ss protocol. 

Sequencess were analyzed on an ABI prism 377 DNA sequencer. The sensitivity of the pol 
PCRR was such that HIV-1 pol sequences were amplified in 7 out of 10 reactions with an input 
off V2 cell equivalents of template DNA per reaction of the 8E5 cell line which contains 1 copy 
off HIV-1 LAV proviral DNA per cell [330](data not shown). HIV-1 gag sequences were 

Subje Subje 

115 5 

203 3 

545 5 

1070 0 

1113 3 

83 3 

92 2 

94 4 

161 1 

425 5 

451 1 

CI I 
C2 2 
C3 3 

:t :t 

pre-SC C 

prc-SC C 

pre-SC C 

pre-SC C 

pre-SC C 

HRSN N 

HRSN N 

HRSN N 

HRSN N 

HRSN N 

HRSN N 

control l 
control l 
control l 

time time 
be/ore be/ore 

SC SC 
(mo)" (mo)" 
-93.3 3 
-90.5 5 
-55.8 8 
-50.4 4 
-47.3 3 
-27.5 5 
-18.6 6 
-80.8 8 
-72.3 3 
-66.0 0 
-41.5 5 
-35.9 9 
-32.7 7 

na a 
na a 
na a 
na a 
na a 
na a 
na a 
na a 
na a 
na a 
na a 
na a 
na a 

na a 
na a 
na a 

time time 
since since 
entry entry 
(mo)(mo)' ' 
30.2 2 
33.0 0 
22.0 0 
27.4 4 
30.5 5 
15.0 0 
23.9 9 

9.7 7 
18.1 1 
24.4 4 
15.4 4 
21.0 0 
24.2 2 

17.8 8 
20.9 9 
14.8 8 
18.0 0 
20.9 9 
13.5 5 
16.5 5 
29.8 8 
33.3 3 
17.4 4 
20.9 9 

8.9 9 
15.1 1 

na a 
na a 
na a 

Pot Pot 

6 6 
3 3 
3 3 
1 1 
4 4 
1 1 
2 2 
3 3 
4 4 
2 2 
0 0 
4 4 
2 2 

5 5 
5 5 
1 1 
2 2 
0 0 
1 1 
1 1 
4 4 
1 1 
1 1 
1 1 
0 0 
0 0 

0 0 
0 0 
0 0 

cellcell eq 
 f 

6.6 6 
7.1 1 
3.4 4 
3.0 0 
5.9 9 
5.4 4 
3.0 0 

18.2 2 
4.0 0 
8.4 4 
6.8 8 
9.0 0 
8.6 6 

10.2 2 
5.4 4 
6.4 4 

19.4 4 
5.18 8 
6.4 4 
3.3 3 
6.0 0 
9.7 7 
7.3 3 
4.1 1 
5.8 8 

20.2 2 

8.1 1 
3.1 1 
5.6 6 

aMonthss before first seropositive sample; Months since 
studyy entry; cNumber of positive pol PCR reactions; dTotal 
celll equivalents tested in pol PCR. pre-SC, pre-
seroconverter,, subject that seroconverted for HIV 
antibodiess later in follow-up; HRSN: high-risk seronegative; 
C1,, PBMC from low-risk individual, C2 and C3, cord blood 
controls;; na, not applicable. 
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amplifiedd using a nested PCR protocol as described by Zhu et al. [327]. Pol and Gag PCR 
protocolss were validated tested for the amplification of HIV-1 sequences from subtype A, B, 
C,, D and E HIV-1 using commercially available subtype standards (VQC, Alkmaar, 
Netherlands)) and were found adequate to detect these subtypes. 

HIV- 11 pol DNA was detected in sequential PBMC DNA samples from 5 out of 5 pre-
seroconverterss at extraordinary low levels at least 1.5 years prior to seroconversion (average 
4.77 years, range: 1.6-7.8 years). Five of 6 high-risk but persistently HIV-1 seronegative 
participantss also showed evidence of extraordinary low levels of HIV-1 DNA. Positive results 
weree confirmed in PBMC samples obtained at least 3 months after first pol DNA positive 
sample.. From two samples (of which enough PBMC DNA was available) HIV-1 gag PCR 
productss were additionally amplified to confirm results (data not shown). To exclude PCR 
contamination,, water and DNA from PBMC from 1 low-risk individual and 2 cord blood 
sampless served as negative controls in the PCR analyses. Detection of HIV-1 proviral DNA is 
summarizedd in Table 1. 

Ourr  aim was to determine the presence of HIV-DN A in PBMC samples from high-risk 
HIV-seronegativee individuals. Although, the sample-size did not allow for quantification of 
thee HIV-1 DNA load in these individuals, our data provide evidence for higher HIV-1 DNA 
loadd in high-risk seronegative individuals than previously reported [327]. To determine 
whetherr our method was comparable to previously used methods for quantification of HIV-1 
DNAA load in seropositive individuals, we performed a limiting dilution pol PCR on PBMC 
DNAA samples from 2 HIV-seropositive ACS participants who did not receive therapy. We 
foundd HIV-1 DNA loads in the same range as previously reported (approximately 528 and 
41666 copies per million PBMC, respectively) [327,331]. 

Thesee data are evidence for  a higher prevalence of HIV-1 DNA in exposed seronegative 
homosexuall individuals than previously reported [327]. Because of the homogeneity of 
detectedd HIV-1 DNA sequences over time, Zhu et al. concluded that HIV-1 seronegative, but 
DNA-positivee individuals have extraordinary well controlled HIV-1 infections, keeping the 
virall load below the detection limit of standard assays and allowing for virtually no 
replication.. An alternative explanation could be that the detection of extraordinary low levels 
off HIV-1 DNA is a testimony of'dead-end' or 'silent' HIV-1 infection. Identification of the 
virall and host factors that determine whether initial transmission leads to high levels of HIV-1 
replicationn and subsequent seroconversion may provide new clues for the prevention of HIV-
11 seroconversion. 
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•• Determinants of host HIV-1 susceptibility and R5 HIV-1 evolution 

Thee identification of chemokine receptors as coreceptors for HIV-1 has enhanced our 

understandingg of the cellular entry process and pathogenesis of HIV-1 infection. It also 

providedd new targets for antiviral therapy and coreceptor specific HIV-1 entry inhibitors are 

currentlyy applied in clinical trials. In this concluding chapter some aspects of HIV-1 

coreceptorr usage and R5 evolution, and the potential consequences of this evolution for the 

efficacyy of HIV-1 entry inhibitors will be discussed. Successful treatment of infected 

individualss could help to prevent spread of HIV-1 infection. Great effort is put into the 

developmentt of an efficacious vaccine or other means to reduce spread of infection to new 

hosts.. Research on exposed but persistently HIV-seronegative individuals may provide clues 

aboutt the features that influence host HIV-! susceptibility. Some of these features will also be 

discussed. . 

•• Infection of a new host 

•• R5 variants early in infection 

CCR55 [3] and CXCR4 [4] are the most commonly used coreceptors for HIV-1. Infection is 

generallyy established by macrophage-tropic CCR5-using (R5) HIV-1 variants [10]. In about 

halff of infected individuals, development of AIDS is preceded by the development of CXCR4 

usingg variants. In those individuals, R5 variants evolve towards CXCR4-using variants (X4). 

Thee presence of these X4 HIV-1 variants is associated with an accelerated CD4 T cell decline 

andd faster disease progression [13,248]. Both viral and host factors are thought to influence 

thee observation that X4 variants emerge only in about half of the infected individuals while 

thee other half of infected individuals progress to AIDS in the presence of only R5 HIV-1 

variants,, as is discussed in chapter 2. 

Thee observation that early in infection generally only R5, macrophage-tropic HIV-1 variants 

aree found may be explained in several ways. One explanation could be that these variants are 

preferentiallyy transmitted to a new host. Expression patterns of CCR5 and CXCR4 in the 

mucosaa would favour transmission of R5 variants as it is densely populated with dendritic 

cellss (DCs) and T cells that express CD4 and CCR5 but only low levels of CXCR4 [195,332-

336].. However, also in vertical transmission of HIV-1 from mother to child or after needle 

sharing,, generally only R5 variants are found early in infection. This implies that preferential 

transmissionn of R5 variants due to high levels of CCR5 expression in the genital and rectal 

mucosaa cannot fully explain the phenomenon as it is independent on the transmission route. 

Selectivee outgrowth of R5 viruses after transmission of both R5 and X4 variants (or a 

selectivee inhibition of X4 variants early in infection) provides an alternative explanation. 

Antigenn presenting cells (APC) such as macrophages and DCs are believed to play an 

importantt role in HIV-1 transmission. APCs capture incoming pathogens or their antigens, 
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transportt them to regional lymph nodes and there present them to T and B cells for the 
initiationn of adaptive immune responses. DCs such as Langerhans cells can be infected by 
macrophage-tropicc HIV-1 variants but can also capture the virus without becoming infected 
byy binding of HIV-1 to lectins on the cellular surface [85,86,337-345]. HIV-1 can be 
efficientlyy transmitted from APCs to CD4+ T cells when they are in close interaction during 
antigenn presentation and subsequent T cell activation [86,346,347], possibly favouring 
macrophage-tropicc R5 variants because of the high level of CCR5 expression on activated T 
cells. . 

Individualss who lack CCR5 expression due to a defective CCR5 gene (CCR5-A32 

homozygouss individuals) are highly resistant to HIV-1 infection [62,63,197,198], illustrating 
thatt X4 variants are not easily transmitted. However, transmission of X4 HIV-1 variants has 
beenn reported, including cases of X4 HIV-1 transmission to CCR5-A32 homozygous 
individualss [90,92,94,120,348,349]. Interestingly, the X4 variants that were transmitted in two 
casess of parenteral transmission, were found to be macrophage-tropic, confirming a role for 
macrophage-tropismm in transmission efficiency (chapter 3, [41,348]). Selective outgrowth of 
R55 variants after transmission of both R5 and X4 variants [107,350], illustrates that even 
thoughthough both R5 and X4 variants may be transmitted, R5 variants compete out X4 variants in 
thee earliest stages of infection. 

Thee observed selective outgrowth of R5 variants early in infection may be partly due to high 
CCR55 expression of activated T cells and preferential replication of R5 variants in the gut-
associatedd lymphoid tissue (GALT) (reviewed in [351,352]). Even though X4 variants are 
reportedd to have a higher replication rate in stimulated cultures in vitro than R5 variants [16], 
R55 variants show higher viral production at in vitro infection of CD3/CD28-costimulated 
CD4CD4TT T cells [353]. Moreover, chimpanzees infected with X4 variants demonstrate a 1-2 logs 
lowerr viral RNA load than those infected with R5 HIV-1 variants [354]. Thus, X4 variants are 
veryy destructive and virulent after emergence during HIV-1 disease progression (discussed in 
chapterr 2), but they may be out competed by R5 variants early in infection because of lower 
targett cell availability and a lower viral production in vivo. 

•• R5 phenotype evolution 

•• Continual evolution ofR5 HIV-1 during disease progression 

RANTES,, MlP-la and MIP-1|3 are natural ligands for CCR5. They down regulate CCR5 
expressionn and inhibit R5 HIV-1 replication [3,216-218]. We first reasoned that high 
RANTESS production and subsequent down regulation of CCR5 expression may favour the 
emergencee of X4 variants. However, we observed no differences in RANTES production of in 
vitroo stimulated PBMC from individuals who do or do not show the emergence of X4 variants 
beforee progression to AIDS (unpublished data). In line with this, no correlation was observed 
betweenn CCR5 expression level and the emergence of X4 variants, nor did CCR5-A32 

heterozygouss genotype predict the emergence of X4 variants [115]. In contrast, HIV-1 
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infectedd individuals with a CCR5-A32 heterozygous genotype have slower disease 

progressionn and show a delayed X4 emergence compared to CCR5 wild type individuals 

[355].. These data indicate that low CCR5 expression reduces the level of viral replication, and 

delayss X4 emergence and disease progression. 

Comparisonn of R5 HIV-1 variants isolated at a relatively early and late time point from 

individualss who progressed to AIDS in the absence of X4 variants, demonstrated the 

developmentt of more cytopathic variants with higher replication rates in the course of disease 

progressionn [253]. Interestingly, both R5 and X4 variants demonstrate a decrease in 

sensitivityy to coreceptor antagonists in the course of progressive HIV-1 infection in the 

absencee of therapy (chapter 4, [119,234]). The evolvement of R5 variants with reduced 

sensitivityy to RANTES and the CCR5-specific small-molecule inhibitor AD 101 in individuals 

whoo progress to AIDS in the presence of only R5 variants may be a direct effect of RANTES-

mediatedd selection pressure. HIV-1 infected individuals show high levels of RANTES 

expressionn [219,221]. However, it is not likely that the decrease in sensitivity to the CXCR4-

specificc small-molecule inhibitors AMD3100 and T22 of X4 variants is caused by selection 

forr resistance to SDF-la, the natural ligand to CXCR4. No difference was observed in 

sensitivityy to SDF-la mediated inhibition between early and late X4 variants. Moreover, most 

X44 variants are not sensitive to SDF-la mediated inhibition in vitro. As an alternative 

explanation,, we propose that the decreasing sensitivity to coreceptor antagonists in both R5 

andd X4 evolution is a reflection of selection for virus variants with more efficient cellular 

entry,, either by enhanced (co)receptor usage or fusion kinetics. 

Individualss who harbour one defective CCR5 allele {CCR5-A32 heterozygous individuals) 

andd have only R5 variants, generally harboured R5 variants which were less sensitive for 

RANTESS inhibition than CCR5-A32 wild type individuals (chapter 4). These individuals 

generallyy have lower CCR5 and higher RANTES expression levels which may drive selection 

forr R5 variants with more efficient CCR5-usage. In accordance, analysis of the variable 

regionss of gpl20 from CCR5-A32 heterozygous individuals presented evidence of positive 

selectionn pressure (chapter 6). Furthermore, a higher rate of accumulation of mutations was 

detectedd in R5 variants from individuals with rapid disease progression compared to R5 

variantss from individuals who did not progress to AIDS during follow-up. However, there are 

conflictingg results on the relation between evolution of the viral envelope and disease 

progressionn [242,356-358]. Nevertheless, these data illustrate the continuous adaptation of the 

viruss to the host environment (as is also illustrated by the viral escape from cellular and 

humorall immune responses). 

•• Coreceptor-specific entry inhibitors 

Entryy inhibitors specific for CCR5 and CXCR4 are currently tested in human clinical trials 

[32-35].. As with all anti-HIV drugs, the clinical efficacy of entry inhibitors will be limited in 

mono-therapyy by selection for drug-resistant variants. Regarding the extreme variability of the 
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envelopee protein, HIV-1 variants insensitive to drugs targeting (co)receptor binding may 
evolvee relatively fast during mono-therapy. Since the emergence of X4 variants is associated 
withh a faster disease progression [13], a major concern about the clinical application of R5 
entryy inhibitors has been that these may induce drug resistance by acquisition of CXCR4-
usage.. However, a study on in vitro HIV-1 escape from AD101 showed that the selected 
ADD 101-resistant virus remained dependent on CCR5-usage [227], arguing against the 
acquisitionn of CXCR4 usage as an escape mechanisms from R5 inhibitors. The selected 
ADIOl-escapee mutant in this study was partially resistant to RANTES. Interestingly, in vitro 
escapee from X4 inhibitor AMD3100 of an X4 virus isolate was mediated by a shift from 
CXCR44 to CCR5-usage [359], indicating that HIV-1 variants may demonstrate a shift in 
coreceptor-usagee in escape from coreceptor-specific entry inhibitors. 

Ass discussed above, also in the absence of therapy, R5 and X4 variants with decreased 
sensitivityy to R5 inhibitors and X4 inhibitors, respectively, may emerge in the natural course 
off infection (chapters 4 & 5, [234]). The clinical relevance of these data is not easy to 
interpret.. Even if decreasing sensitivity for entry inhibitors is associated with disease 
progression,, this does not necessarily mean that higher affinity for HIV-1 (co)receptors, or 
entryy efficiency in general, results in faster disease progression. Disease progression and 
decreasedd sensitivity to entry inhibition of HIV-1 variants may be simultaneous effects of a 
commonn cause. Evolvement towards higher entry efficiency in disease progression may be a 
consequencee of more rapid evolution in progressive infection, for instance due to high virus 
replicationn rates or a lack of restricting selection pressure due to failing immune responses. 

Thee clinical relevance of the decrease in sensitivity to coreceptor-specific entry inhibitors in 
thee natural course of infection may be negligible. The sensitivity of primary virus variants to 
coreceptor-specificc entry inhibitors shows broad variation between patients and the observed 
shiftt in sensitivity to the small-molecule inhibitors was relatively small. Furthermore, the 
serumm levels of SCH-D (a molecule related to AD 101) and AMD3100 observed in clinical 
trialss are higher than the maximum concentrations used in our studies (J. Strizki personal 
communications;; [34]). Whether clinical application of R5 inhibitors may favour a shift in 
coreceptorr usage from CCR5 to CXCR4 in vivo and whether the observed decreased 
sensitivityy to coreceptor-specific entry inhibitors may influence clinical efficacy of these 
inhibitorss can only be concluded in clinical trials. However, administration of multiple active 
drugss will significantly reduce viral escape. 

Itt is of note that viral evolution patterns and mutations throughout the envelope gene are 
relativelyy patient specific. Specific mutations are highly associated with change of coreceptor 
usagee from R5 to X4 and certain patterns are reported to be related to disease progression 
(reviewedd in chapter 2). But furthermore, patients show different mutational patterns in 
diseasee progression (chapter 5, unpublished results Koning et al. and Stalmeijer et al.) and 
specificc mutations may have different effects in different genomic backgrounds. This implies 
thatt conclusions drawn from mutagenesis studies with molecular HIV-1 clones should be 
regardedd with care because their relevance for other HIV-1 clones may be relatively limited. 
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Moreover,, in comparison to drugs that target viral proteins (like reverse transcriptase 
inhibitors),, it may be complicated to resolve genetic determinants for sensitivity to 
coreceptor-specificc entry inhibitors because of the variability in the envelope protein and 
variabilityy in sensitivity between HIV-1 variants. Therefore, phenotypic screening of 
resistancee to entry inhibitors may be the preferred alternative. 

Entryy inhibitors may also be applicable as topical microbicides. Microbicides are agents that 
cann be locally applied to inhibit the sexual transmission of HIV-1 and may be especially 
practicall for vaginal use by women who do not have control over condom use (despite the fact 
thatt education and emancipation may also help on this issue.) Local administration of high 
concentrationss of entry inhibitors, that may target the cellular (co)receptors or the viral 
envelopee preventing its binding to the epithelium and target cells, may neutralise incoming 
viruss particles lowering the probability of successful HIV-1 transmission. Indeed, it has been 
reportedd that such microbicides inhibit transmission of vaginally applied SHIV in macaques 
[360,361]. . 

•• Determinants of host HIV-1 susceptibility 

•• Many factors involved 

Somee people remain persistently seronegative despite high-risk exposures to HIV-1. These 
includee children born from infected mothers [266-271], haemophiliacs treated with 
contaminatedd blood products [276-278], needle-sharing drug abusers [301,362,363] and 
individualss with HIV-positive sex partners [199,231,272-275,279-283]. Some research on the 
underlyingg mechanism of the apparent resistance to full-blown HIV-1 infection in Amsterdam 
cohortt study (ACS) participants with high-risk sexual behaviour has been included in this 
thesis.. These homosexual men have remained persistently HIV-seronegative and are termed 
high-riskk seronegative individuals (HRSN). Samples from ACS participants who did become 
HIV-seropositivee during follow-up were used as pre-seroconversion (pre-SC) controls. 
Togetherr with what we can learn from monkey animal models to study HIV/SIV transmission 
andd in vitro models using human mucosal tissues this line of research may help to find clues 
too design strategies to interfere with transmission of the virus to a new host. 

Inn some cases a lack of HIV-1 transmission despite exposure to the virus may be caused by 
factorss in the potential virus donor. Low viral load, high CD4 counts and the presence of 
mucosall antibodies in the infected individual have been associated with lack of transmission 
[266-268,280,364].. However, several factors in the uninfected individual may also play a role. 
Thesee may include: the level of CCR5 coreceptor expression and its ligands; polymorphisms 
inn other attachment molecules like DC-SIGN; HLA polymorphisms; antibody responses; 
cellularr immune responses; genital ulceration and pre-existing inflammation due to local 
infections;; immune activation levels and possibly even expression levels of cellular factors 
thatt influence HIV-1 replication like APOBEC or TRIM proteins. Below some of the factors 
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thatt have been associated with resistance to HIV-1 infection will be discussed, other factors 

thatt may also influence HIV-1 susceptibility are beyond the scope of this discussion. 

•• CCR5 and its ligands 

Homozygosityy for a 32 base pair deletion in the CCR5 gene renders individuals highly 
resistantt to HIV-1 infection [62,63,197,198]. These people do not express CCR5 on the 
cellularr surface and therefore cannot be infected by R5 HIV-1 variants. Individuals 
heterozygouss for the CCR5-A32 allele generally express lower levels of CCR5 and show 
higherr levels of RANTES production [199], Different studies have reported that individuals 
withh the CCR5-A32 heterozygous genotype were less likely to be HIV-seropositive than wild 
typee individuals [255,309,310,365] and certain CCR5 promoter polymorphisms may also be 
associatedd to resistance to infection [255,310]. Moreover, many studies have shown a high 
RANTESS production level of PBMC from HRSN after in vitro stimulation compared to 
controlss {chapter 7 [199,220,221,273,276,279]). These data illustrate a role for the level of 
CCR55 expression or concomitant RANTES expression levels in HIV-1 susceptibility. Even 
thoughh CD8' T cells generally produce higher levels of RANTES, a possible direct influence 
off RANTES (and MlPla and MIP-lb) production levels on HIV-1 susceptibility is most 
likelyy the result of RANTES production by CD4* T cells, which would give autologous 
protectionprotection from R5 infection. High levels of RANTES production by CD4+ T cells have been 
reportedd in HRSN ([199,220,232,279], unpublished results Koning et al). However, also 
another,, more specific CD8+ T cell factor has been reported to specifically inhibit HIV-1 
replicationn in vitro and is suggested to influence HIV-1 susceptibility [366]. 

•• HIV-specific CTL 

HLAA plays a central immunoregulatory role and several HLA gene polymorphisms have been 
associatedd with resistance to sexual transmission of HIV-1 [273,289-294]. HIV-1 specific 
cytotoxiccytotoxic T lymphocytes (CTL) have been identified in many exposed seronegative 
individuals,, implying that repeated exposure to HIV-1 may lead to protective immunity 
mediatedd through the HLA class I pathway [272,295-301]. HIV-1 specific CTL are known to 
playy a major role during HIV-1 infection and disease progression and they may also play a 
rolee in protection from HIV-seroconversion. However, the number of HIV-specific CTL in 
PBMCC from HIV-seronegative individuals is much lower than the number in seropositive 
individualss and the detection of HIV-specific CTL in seronegative individuals is not 
necessarilyy associated with protection from infection [318,319,321]. The latter is illustrated 
byy cases of seroconversion despite pre-existing HIV-specific CTL responses. 

Inn chapter 7, we report the detection of HIV-specific CTL in seronegative individuals who 
laterr become HIV infected, so called pre-seroconversion controls. More detailed analysis of 
seroconversionn despite pre-existing HIV-1 specific CTL was performed in a study on HIV-
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resistantt prostitutes in Nairobi [319]. Seroconversion was found to occur in the absence of 

detectablee CTL escape-mutations. Still, it was associated with a reduction of sex work over 

thee preceding year and therefore the authors reasoned that the seroconversion of these female 

sexx workers might be related to a waning of HIV-specific CTL responses due to reduced 

antigenicc exposure. Even though we did not detect any differences between the breadth and 

levell of HIV-specific CLT responses between HRSN and pre-SC controls, it cannot be 

excludedd that certain specific CTL responses are related to protection from infection. 

Apartt from CTL responses, other innate and acquired cellular immune responses such as 

naturall killer cells [367,368] and HIV-specific CD4' T cell responses [369] have also been 

suggestedd to play a role in protection to infection. Different factors may be involved 

concerningg the supposed role of cellular immune responses in resistance to HIV-1 infection. 

Thesee may include the level of the response, the epitopes against which the response is 

targetedd (specificity), functionality of the response and the location of the HIV-specific 

immunee cells. No undisputed reports of elimination of the virus following full-blown 

systemicc infections are known to us, illustrating that it may be near to impossible for the 

immunee system to eradicate the virus once overt infection has set in. However, HIV-specific 

immunee cells and antibodies situated at the port of initial infection, generally the mucosa in 

sexuall transmission, may inhibit local virus replication after viral transmission to the new host 

therebyy preventing high level virus replication and subsequent seroconversion. 

•• HIV-positive seronegatives, what's in a name? 

Occasionallyy reports have been made of transient or silent HIV-1 infection [289,329,370-

373].. However, the explanations of these observations remain controversial [374]. In 2003 

Zhuu and colleagues reported the detection of HIV-1 DNA in 2 out of 10 exposed seronegative 

(ES)) individuals [327]. In these 2 ES they detected HIV-1 DNA levels as low as 0.05 copies 

perr million resting CD4+ T cells. We were able to detect a high prevalence of HIV-1 DNA in 

PBMCC from seronegative ACS participants at risk for infection (chapter 9). In 5 out of 6 

HRSNN and 5 out of 5 seronegative individuals who later seroconverted HIV-1 DNA was 

detected.. The latter illustrated that the presence of the extraordinary low levels of HIV-1 DNA 

iss not a feature exclusive for HRSN. 

Zhuu et al. suggested that the persistence of low levels of HIV-1 DNA in seronegative 

individualss who have sex with a steady seropositive partner may be a reflection of extremely 

welll controlled infection [327], implicating that the infection is actively kept at bay by the 

immunee system. Furthermore, they suggested that the immune control may be specific for the 

partner'ss HIV-1 variants, since upon seroconversion of these previously ES individuals they 

aree found to be infected with HIV-1 variants unrelated to those found in their steady partner 

[375].. The HIV DNA sequences detected in the ES were found to be homogenious over time 

[327]] indicating an absence of evolutionary selection. It is unclear if viral replication takes 

placee in these individuals as the DNA load is far below limits of detection of standard assays. 
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Inn our study the individuals who later seroconverted were selected for the presence of 

detectablee HIV-specific CTL. However, only 2 of the 5 HIV DNA positive HRSN had 

detectablee HIV-specific CTL using enzyme-linked immunospot assay. This indicates that the 

loww levels of HIV-1 detected in these seronegative individuals do not necessarily lead to 

detectablee CTL responses. 

Thee HRSN in the studies presented in this thesis are not selected on the basis of a steady HIV-

11 positive partner, but on the basis of reported high-risk behaviour before January 1996, when 

highlyy active antiretroviral therapy (HAART) was introduced. If ES individuals are selected 

onn the basis of a single HIV-1 positive partner, it remains a possibility that the lack of HIV-1 

transmissionn is due to factors in the infected partner. Also, efficacious antiretroviral therapy 

significantlyy reduces the viral RNA load reducing the infectivity of an HIV-positive sex 

partner.. On the other hand, selection for ACS participants with high-risk behaviour before the 

introductionn of HAART renders it impossible to access the level of HIV-1 exposure. 

Wee speculate that the detected HIV DNA may be evidence of previous 'dead-end1 HIV-1 

transmissionn due to insufficient levels of replication in the first stages of infection. This may 

eitherr be due to HIV-specific immune responses, innate immune responses or low availability 

off activated target cells at the site of infection. Low levels of HIV-1 DNA detected many 

yearss before seroconversion in exposed seronegative individuals who later seroconvert imply 

thatt such cryptic infections may occur relatively often. Possibly, the extraordinary low levels 

off HIV DNA result from the encounter of attenuated HIV-1 variants. Alternatively, one could 

reasonn that these cryptic infections are a testimony of failed adaptation of the virus that is 

requiredd to establish high level, systemic infection in a new host. Transmission efficiency of 

HIV-11 is rather low, with an estimated seroconversion probability of 0.001 for each 

heterosexuall vaginal intercourse [376] and 0.82 for each receptive anal intercourse [377]. 

Thee detection of HIV-1 DNA in such a high proportion of ACS participants with high-risk 

behaviourr between 1983 and 1996 (before the introduction of HAART) is truly remarkable. 

Sincee HIV-1 DNA is detected, obviously these individuals cannot be termed 'uninfected'. 

However,, these seronegative individuals do not have any known symptom of infection and 

theyy test negative for HIV specific antibodies in regular diagnostic tests. As mentioned above, 

thee extraordinary low level of HIV-1 DNA and the reported homogeneity over time do not 

pointt towards viral replication. Still, differences in opinion about how to explain this 

observationn may be partially of semantic nature. Terming it 'controlled infection' implies 

activee host's immune response which holds HIV-1 replication in check, while 'dead-end 

infection'' implies the absence of residual viral replication. Both terms may not be fully 

adequate. . 

•• Immune activation and host HIV-1 susceptibility* 

Activatedd CD4* T cells produce more HIV-1 particles after infection than resting CD4+ T 

cellss [89,322,378]. Therefore, we hypothesized that the level of immune activation and 
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Mucosall surface 

Lymphoidd tissue 

Figur ee 1 Central role for activated CD4+ T cells in HIV-1 susceptibility. 

HIV-11 that crosses the mucosal barrier may infect dendritic cells, macrophages, and both resting 
andd activated CD4+ T cells. Most of the productively infected cells initially are resting CD4+ T cells 
becausee the population of these cells is larger. They produce little virus and sustain infection by 
infectingg other nearby susceptible cells. Infected activated CD4* T cells produce more virus 
particless and spread the virus to cells over greater distances than infected resting cells. Pre-
existingg and infection-related immune activation may ultimately lead to virus transmission to the 
lymphoidd tissue and subsequent seroconversion. 

immunee responsiveness may influence HIV-1 susceptibility. Chapter 8 describes that HRSN 
indeedd show lower percentages of activated CD4+ T cells and higher numbers of naive T cells 
comparedd to pre-seroconversion (pre-SC) controls. HRSN also have lower levels of 
lymphoproliferativee responses in fresh whole blood samples. These results indicate lower 
immunee activation levels in HRSN compared to pre-SC controls. Interestingly, HRSN show 
higherr percentages of activated CD8+ T cells compared to pre-SC controls. 

Sincee CD4+ T cell help is supposed to be indispensable for efficient CD8+ T cell response, it 
iss a puzzling observation that HRSN showed low levels of CD4+ T cell activation, but high 
levelss of CD8+ T cell activation. Possibly, these individuals have some genetically determined 
preferencee or inclination for high CD8+ T cell responses. There is ongoing discussion about 
thee dependence of CD8+ T cell response for CD4+ T cell help [379-382]. Mouse models have 
shownn that primary CD8+ T cell responses to specific antigens are not dependent on CD4+ T 
celll help, although maintenance of the response is dependent on CD4 help [383], 
Interestingly,, specifically the CD8+ effector-memory cells were lost in the absence of CD4 
help.. Even though we did not examine specific responses, these observations fit well with the 
observationss in HRSN. They have high CD8+ T cell activation despite low CD4+ T cell 
activationn and have low numbers of memory-effector T cells. Since HIV-specific CD8+ T cell 
responsess are thought to play a major role in resistance to infection (see above), it also 
remainss a possibility that the observed high CD8+ T cell activation is related to the persistent 
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HIV-seronegativee status of these HRSN. Even if we could not detect differences in the levels 
orr breadth of CTL responses between HRSN and pre-SC controls (chapter 7). 

Alloreactivityy has been suggested to inhibit cell-associated transmission of HIV-1 [384,385]. 
Inn contrast, a study in haemophiliacs reported that a significantly lower proportion of HRSN 
hadd detectable alloreactive cytotoxic antibodies compared to haemophiliacs who later 
seroconvertedd for HIV-1, despite similar treatment in both groups [277]. The latter may be 
relatedd to a lower immune responsiveness in HRSN. 

Loww level CD4* T cell activation and proliferation in peripheral blood may be reflected in low 
numberss of activated CD4* T cells in the mucosa at the site of HIV-1 transmission. This may 
havee a direct effect on the replication and spread of infection from the initial site of infection 
too lymphatic tissues where high-level virus replication would take place. In the early stages of 
infectionn predominantly CD4* T cells are productively infected. Rhesus macaques inoculated 
intravaginallyy with SIV demonstrated that predominantly resting CD41 T cells were infected 
att the initial site of infection, presumably simply because of the greater density of resting T 
cellss compared with other susceptible cell types such as macrophages, DCs and activated 
CD4'' T cells [322]. Infected resting CD4 T cells would propagate infection by transmission 
off the virus to neighbouring cells. However, infection of activated CD4' T cells would be 
requiredd to transmit infection to cells at greater distances [322]. Low levels of activated target 
cellss may result in reduced susceptibility of the host by reducing the virus production at the 
veryy first stages of infection. Lower levels of virus production in the mucosa could result in 
lowerr likelihood of viral infection of DCs or capture by DCs that may transport infectious 
viruss to lymphoid tissue. Furthermore, lower virus production at the port of entry could result 
inn lower cellular activation and lower probability of viral adaptation that is presumably 
requiredd for overt infection of a new host (see above). Higher levels of virus production by 
activatedd CD4* T cells may also be a factor in increased HIV-1 susceptibility in the setting of 
genitall infections [284,323,324]. Figure 1 recapitulates these implications for immune 
activationn levels in host susceptibility. 

Thee proposed critical role for the presence of activated CD4' T cells in the mucosa and 
immunee responsiveness may have important implications for the design of HIV vaccines and 
otherr preventive measures. A vaccine that induces rigorous HIV-1 specific CD4 T cell 
activationn may have detrimental effect on HIV-1 infection since HIV-specific CD4+ T cells 
aree preferentially infected [386] and because of higher availability of activated target cells. 
Detrimentall effects of topical microbicides caused by disruption of endodermal structure have 
beenn reported [325]. Pre-existing inflammation induced by topical microbicides may also 
increasee HIV-1 susceptibility. The potential role for cellular activation in HIV-1 susceptibility 
impliess that topical anti-inflammatory agents could moderate the initial propagation of 
infectionn and thereby possibly prevent subsequent seroconversion. 
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•• Summary 

Inn about half of Human Immunodeficiency Virus type I (HIV-1) subtype B infected 

individualss progression to AIDS is preceded by the emergence of syncytium-inducing (SI), 

CXCR4-usingg (X4) variants, while others progress to AIDS in the presence of only non 

syncytium-inducingg (NSI), CCR5-using (R5) variants. Early in infection, generally only 

macrophage-tropicc R5 variants are detected, indicating an important role for macrophage-

tropicc CCR5-using variants in HIV-1 transmission. However, rare cases of transmission of X4 

variantss have also been reported. In two such cases the transmitted macrophage-tropic SI 

variantss were shown to lack any capability to use CCR5 as a coreceptor for cellular entry 

(chapterr 3), indicating that some X4 variants are capable to replicate in macrophages and 

suggestingg that macrophage-tropism is more relevant than CCR5-usage for HIV-1 

transmission. . 

Thee development of X4 HIV-1 variants is associated with a rapid progression to AIDS. 

Individualss who do not develop X4 variants, show a wide variation in the rate of disease 

progression.. The basis for this variable disease progression in individuals with only R5 virus 

variantss is not yet fully understood. In chapter 4 we show that during disease progression in 

thee presence of only R5 variants, HIV-1 variants emerge with a decreased sensitivity to 

inhibitionn by RANTES, a natural ligand of CCR5 that inhibits cellular entry of R5 variants. 

R55 HIV-1 sensitivity to RANTES correlates with sensitivity to the R5 small-molecule 

inhibitorr AD101 (chapter 5). HIV-1 small-molecule entry inhibitors are a new class of drugs 

thatt target the binding and subsequent entry of HIV-1 into the target cell. 

Inn chapter 6 we examined the phylogenetic evolution of gpl20 in sequential R5 HIV-1 

variantss from individuals who did not develop X4 variants and were classified as either long 

termm survivor or as progressor. We detected a rapid accumulation of mutations in individuals 

whoo show rapid disease progression and a positive selection on the variable regions of gpl20 

inn R5 variants isolated from individuals heterozygous for the CCR5-A32 genotype. 

Researchh on individuals who remain persistently seronegative despite high-risk exposure to 

thee virus may provide clues on what may influence host susceptibility to HIV-1 infection. 

Chapterr 7 describes the comparison of 29 high-risk seronegative (HRSN) homosexual men 

fromm the Amsterdam Cohort Studies with pre-seroconversion controls. We report lower in 

vitroo susceptibility for R5 HIV-1 due to P-chemokine mediated inhibition of virus replication, 

higherr RANTES production levels. ELIspot analysis revealed low frequencies of HIV-1-

specificc cytotoxic T cells (CTL) in both HRSN and pre-SC controls, indicating that the 

presencee of HIV-1-specific CTL may signify exposure to the virus rather than protection from 

infection. . 

Inn chapter 8 we describe the detection of reduced CD4+ T cell activation, reduced numbers of 

naivee CD4+ and CD8+ T cells and increased CD8+ T cell activation in 42 HRSN men 

comparedd to pre-seroconversion controls. Furthermore, we found reduced lyphoproliferative 
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responsess in HRSN whole-blood cultures. These data suggest a role for immune activation in 

hostt HIV-1 susceptibility. Low levels of activated CD4' T cells at the site of initial infection 

mayy reduce viral replication after transmission and may thereby inhibit spread of infection to 

thee lymphoid tissues and subsequent seroconversion. 

(( hapter >> reports the detection of HIV-1 DNA in homosexual men with self-reported high-
riskk sexual behaviour between 1983 and 1996. HIV-1 DNA is detected in 5 out of 5 
individualss who years later seroconvert, as well as in 5 out of 6 HRSN. The HRSN in this 
studyy remained persistently seronegative during more than 10 years of follow-up despite self-
reportedd risk-behaviour that was even higher than the risk behaviour of the seroconverters. 
Thiss indicates that a high proportion of homosexual men with high-risk behaviour, before the 
introductionn of highly active anti-retroviral therapy (HAART), show extraordinary low-level 
HIV-11 infection in the absence of seroconversion and symptoms. 

Finally,, in chapter in these findings are discussed in the context of available literature. The 

decreasingg sensitivity to R5 inhibitors during ongoing R5 HIV-1 evolution may be mainly 

interestingg in the light of what is happening during disease progression and may have little 

therapeuticc relevance. A role for immune activation and immune responsiveness in 

susceptibilityy to HIV-1 infection may imply that besides entry inhibitors and other agents that 

targett HIV-1 attachment and transmission, also topical anti-inflammatory agents could help to 

inhibitt spread of HIV-1. 
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•• Samenvatting 

"Determinantenn van HIV- 1 vatbaarheid en R5 HIV- 1 evolutie" 

Uitlegg voor  mensen van buiten het vakgebied 

Ditt proefschrift bevat onderzoek naar de gevoeligheid van het humane immuundefïciëntie 
viruss type 1 (HIV-1) voor bepaalde stoffen die HIV vermenigvuldiging kunnen remmen. 
Daarnaastt bevat het onderzoek naar het mechanisme dat ervoor kan zorgen dat sommige 
mensenn minder makkelijk geïnfecteerd lijken te kunnen raken met HIV-1. Aan de hand van 
enigee basale kennis die nodig is om het onderzoek te kunnen begrijpen zal ik hieronder 
proberenn uit te leggen wat het onderzoek in dit proefschrift behelst. 

Achterr deze tekst staat een verklarende woordenlijst waarin bepaalde begrippen uit de tekst 
wordenn toegelicht. 

•• HIV-1 

HIV-11 vermenigvuldigt zich (repliceert) door immuuncellen van de gastheer te infecteren. Het 
viruss is een pakketje van het virale RNA genoom en eiwitmoleculen met daar omheen een 
lipidee membraan. Op dat membraan aan het oppervlak van het virus zit het virale envelop 
eiwitt (Env gpl20). Om gastheercellen te kunnen infecteren bindt het virale envelop eiwit aan 
eiwittenn op het celoppervlak die we 
receptorenn noemen. (Het envelop eiwit is dus 
alss het ware de sleutel van het virus om de 
cell binnen te komen.) Als het virus de 
gastheercell is binnengedrongen, dan maakt 
hett gebruik van eigen en cellulaire eiwitten 
omm nieuwe kopieën van zichzelf te maken 
diee op hun beurt weer andere cellen kunnen 
infecteren.. Zie figuur 2 in hoofdstuk 1. 

•• Virale evolutie 

Hett is belangrijk om te beseffen dat bij vermenigvuldiging van het virus in de gastheercellen 
ookk 'kopieerfoutjes' worden gemaakt. Die fouten zorgen ervoor dat zich in een geïnfecteerde 
gastheerr een wolk van verschillende, maar zeer verwante, virusdeeltjes bevinden. Sommige 
veranderingenn die het gevolg zijn van een dergelijke kopieerfout kunnen het virus beter 
aangepastt maken aan de gastheer omgeving. Dat wil zeggen dat ze bij voorbeeld minder last 
hebbenn van het verdedigingsmechanisme van de gastheer. Die virussen hebben dan een 
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selectievoordeell (ze zijn 'fitter') en zullen 
meerr nieuwe virusdeeltjes maken dan andere 
varianten.. Je zou kunnen zeggen dat er in de 
gastheerr daardoor evolutie in het klein 
plaatsvindt.. Op die manier kan het virus ook 
veranderenn zodat het een ander eiwit op het 
celoppervlakk (co-receptor) gebruikt om de 
cell binnen te dringen. 

•• Co-receptor gebruik, R5 en X4 HIV-1 varianten 

Inn figuur 1 van hoofdstuk 1 is schematisch weergegeven hoe het envelop eiwit van HIV eerst 
aann (1)4 bindt en vervolgens aan een zogenaamde co-receptor, die CCR5 of CXCR4 kan zijn. 
Alss een HIV-1 virusdeeltje een gpl20 envelop eiwit heeft dat CCR5 gebruikt noemen we het 
eenn R5 variant, als het CXCR4 gebruikt noemen we het een X4 variant. 

Inimuuncellenn die CD4 op hun celoppervlak hebben, kunnen dus door het virus worden 
geïnfecteerdd en die cellen gaan in verloop van infectie verloren waardoor de gastheer 
uiteindelijkk geen goed immuunsysteem meer heeft (immuundeficiëntie). Kort na infectie 
wordenn er meestal alleen R5 virusvarianten gevonden terwijl laat na infectie bij ongeveer 50% 
vann de geïnfecteerden ook X4 virusvarianten worden gevonden. X4 varianten ontstaan na 
mutatiee van het envelop eiwit van R5 varianten. Het verschijnen van X4 HIV varianten gaat 
overr het algemeen gepaard met een snellere ziekte progressie. Maar ook mensen die alleen R5 
variantenn in hun bloed hebben, verschillen onderling in de snelheid waarmee ze ziek worden 
naa infectie. Meer diepgaande informatie over co-receptor gebruik van HIV-1 is te vinden in 
hoofdstukk 2. 

•• Co-receptor gebruik & celspecificiteit 

Verschillendee celtypen hebben in meer of mindere mate CCR5 en CXCR4 op het 
celoppervlakk (naast CD4). Als gevolg daarvan kunnen die celtypen in meer of mindere mate 
geïnfecteerdd worden door R5 en X4 varianten. De R5 virus varianten die vroeg na infectie 
wordenn gevonden kunnen bijna altijd goed in macrophagen vermenigvuldigen. De R5 en ook 
X44 varianten die later na infectie worden gevonden hebben de mogelijkheid om in 
macrophagenn te vermenigvuldigen verloren. Daarom werd aangenomen dat HIV varianten die 
inn macrophagen kunnen vermenigvuldigen eigenlijk altijd R5 zijn. Hoofdstuk 3 beschrijft 
tweee uitzonderlijke gevallen waar kort na infectie X4 varianten zijn gevonden die 
macrophagenn kunnen infecteren. Dit geeft 
aann dat het coreceptor gebruik van het virus 
niett per se bepaalt in welke cellen het virus 
kann vermenigvuldigen. Nadat het virus de 
cell is binnengedrongen zijn er namelijk nog 
anderee processen (zoals het uitpakken van 
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hett virusdeeltje, het vertalen van het virale RNA naar DNA en de integratie van het virale 
DNAA in het DNA van de cel) waarbij cellulaire eiwitten nodig zijn die bepalen of het 
virusdeeltjee zich in de cel kan vermenigvuldigen. 

•• RANTES gevoeligheid neemt afin verloop van infectie 

R55 varianten zijn gevoelig voor stoffen die aan CCR5 binden, waaronder het lichaamseigen 
RANTES,, terwijl X4 varianten dat niet zijn aangezien ze CXCR4 gebruiken om de cel te 
infecterenn in plaats van CCR5. Hoofdstuk 4 beschrijft onderzoek naar twee groepen mensen 
diee alleen R5 virus varianten hebben, de ene groep krijgt na korte of langere tijd AIDS 
(progressors),, terwijl de andere groep na lange tijd (ten minste 11 jaar) nog geen 
ziekteverschijnselenn vertoont (long term survivors, LTS). We hebben de gevoeligheid van de 
R55 varianten uit deze mensen voor RANTES getest om te kijken of er een verband is tussen 
dee gevoeligheid van R5 varianten voor RANTES en ziekteprogressie. Zoals gezegd, X4 
variantenn zijn niet gevoelig voor RANTES, in mensen die (na infectie met R5 varianten) later 
tijdenss infectie X4 varianten ontwikkelen, worden de virussen zodoende minder gevoelig voor 
RANTES.. We hebben gevonden dat R5 virussen laat na infectie in de meeste mensen die 
alleenn R5 virussen hebben ook minder gevoelig zijn voor RANTES dan vroeg na infectie. Dat 
betekentt dat het virus in de geïnfecteerde persoon in het algemeen evolueert naar een minder 
gevoeligg fenotype. 

•• Gevoeligheid voor R5 remmers 

Doordatt het virus zich met behulp van selectie kan aanpassen aan de omgeving, kan het ook 
resistentiee (ongevoeligheid) ontwikkelen voor HlV-remmers. Een nieuw type HlV-remmers 
datt nu in ontwikkeling is, zijn de zogenaamde 'entry inhibitors'. Die remmen de binding van 
hett virus aan de cellulaire receptoren en de fusie van het virusmembraan met het cellulaire 
membraan.. De R5 remmers remmen specifiek de binding van het virus aan CCR5. Omdat we 
haddenn gevonden dat er zich tijdens het verloop van de infectie R5 virussen ontwikkelen die 
minderr gevoelig zijn voor het lichaamseigen RANTES, hebben we onderzocht of de 
gevoeligheidd voor RANTES correleert met de gevoeligheid voor die kunstmatige R5 
remmers.. In hoofdstuk 5 staat beschreven dat dit inderdaad het geval is. Kennis over de 
gevoeligheidd van HIV varianten voor remmers kan helpen om optimale klinische 
toepassingenn van therapieën te ontwikkelen. 

•• Seronegatieve personen met hoog risico gedrag 

Err zijn mensen die niet seropositief zijn geworden ondanks herhaaldelijke blootstelling aan 
HIV.. Dat wil niet zeggen dat ze dus ook niet geïnfecteerd kunnen worden, maar 
waarschijnlijkk wel dat ze minder bevattelijk zijn voor (systemische) HIV-infectie. Een bekend 
voorbeeldd van zulke mensen die enige mate van resistentie tegen seroeomersie lijken te 
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hebbenn zijn prostituees in Afrika waar een groot deel van hun klandizie Hl V-seropositief is. 

Alss we erachter kunnen komen wat ervoor zorgt dat zulke blootgestelde mensen toch 

scronegatieff blijven, leren we iets over de overdracht van het virus en misschien zelfs hoe we 

diee zouden kunnen voorkomen. 

Hoofdstukkenn 7, 8 en 9 beschrijven onderzoek aan seronegatieve deelnemers van het 

Amsterdamsee cohort van homoseksuele mannen voor onderzoek naar HIV en AIDS. Deze 

mannenn hebben hoog risico gedrag vertoond in de jaren '80 en '90 toen er nog geen effectieve 

therapiee bestond, maar ze zijn niet seropositief geworden. Op zoek naar determinanten van 

resistentiee tegen HIV infectie hebben we deze bloedmonsters van hoog-risico seronegatieven 

(IIRSN)) vergeleken met monsters van mannen uit hetzelfde cohort die later wel seropositief 

zijnn geworden, zogenaamde pre-seroconversie controles. 

•• Delta 32 CCR5 genotype 

Hett was al eerder bekend dat een 32-basenparen deletie in het gen dat voor CCR5 codeert 

beschermingg kan geven voor HIV-infectie (het zogenaamde A32-CCR5 genotype). Mensen 

diee homozygoot zijn voor de deletie (die twee kopieën van het A32-CCR5 gen hebben) 

hebbenn geen CCR5 op hun cellen en daardoor kunnen R5 virussen hen niet infecteren. Een 

vann de 29 HRSN die we in hoofdstuk 7 hebben onderzocht was homozygoot voor het A32-

CCR5CCR5 genotype wat zijn HRSN-status verklaart. De HRSN mannen hadden ook hogere 

niveauss van RANTES-productie dan de pre-seroconversie controles. Zoals hierboven staat, is 

RANTESS een lichaamseigen stofje dat aan CCR5 bindt en R5 infectie kan remmen. Verder 

vondenn we ook een groter percentage HRSN mannen dan de pre-seroconversie controles die 

hett 3 'A SDF-la genotype hadden, maar we weten niet hoe dat genotype betrokken zou 

kunnenn zijn bij een kleinere kans op HIV-infectie. 

•• HIV-specifieke CTL 

Veell andere onderzoeken (bij voorbeeld onderzoek bij Afrikaanse en Thaise prostituees) 

hebbenn cytotoxische T lymfocyten ((.11) tegen HIV aangetoond in HRSN personen. CTL 

zijnn immuuneellen die geïnfecteerde lichaamscellen kunnen herkennen en opruimen. Die 

HIV-specifiekee CTL zouden een rol kunnen spelen in de bescherming tegen HIV-infectie. Wij 

hebbenn ook Hl V-specifieke CTL gemeten in ons onderzoek en we vonden ze niet alleen in de 

HRSNN maar ook in de pre-seroconversie controles (hoofdstuk 7). Daarom concluderen we dat 

dee detectie van HlV-specifieke CTL een teken is van blootstelling aan het virus zonder dat die 

CTLL per se tegen infectie hoeven te beschermen, aangezien we ze ook kunnen detecteren in 

mensenn die wel HlV-^eropnsitiel' worden. 
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•• HIV in seronegatieve mensen 

Aangezienn de hierboven genoemde CTL gericht 

zijnn tegen HIV-geïnfecteerde cellen, zou je 

denkenn dat mensen die zulke CTL hebben ook 

HIV-geïnfecteerdee cellen zouden moeten hebben 

terwijll ze verder helemaal geen tekenen van HIV 

infectiee vertonen. Het idee dat mensen wel 

detecteerbaarr HIV in hun bloed hebben zonder 

seropositieff te raken is echter enigszins 

onwennig.. Om te proberen of we HIV in deze 

seronegatievee mensen konden vinden, hebben we een zeer gevoelige methode ontwikkeld om 

HIV-DNAA te detecteren. Met deze gevoelige polymerase kettingreactie (PC'R) kunnen we een 

enkelee kopie van het HIV genomisch DNA detecteren. Op die manier hebben we 

bloedmonsterss van HRSN personen en monsters van mensen die jaren later wel seropositief 

wordenn (pre-seroconversie monsters) getest op de aanwezigheid van HIV-DNA (hoofdstuk 

9).. De resultaten hiervan worden hieronder beschreven. 

Inn een Amerikaans onderzoek werd vorig jaar (2003) gerapporteerd dat in 2 van 10 HRSN 

personenn die HIV specifieke CTL hadden, extreem lage hoeveelheden HIV-DNA is 

gevonden.. Er werd ongeveer 1 HIV-DNA kopie gevonden op de 20 miljoen cellen. Wij 

haddenn van onze HRSN en pre-seroconversie monsters veel minder cellen om te testen 

(ongeveerr 5-10 miljoen per monster), maar hebben toch HIV-DNA kopieën gevonden in 5 

vann de 5 pre-seroconversie monsters en in 5/6 HRSN monsters. Zoals we hadden verwacht, 

kondenn we in controle monsters van mensen met een laag risico op HIV-infectie geen HIV-

DNAA kopieën vinden. 

Omdatt we daar niet genoeg cellen voor hadden, kunnen we niet echt kwantitatieve uitspraken 

doenn over deze bevindingen. Maar onze resultaten impliceren wel dat het vaker voorkomt dat 

mensenn die blootgesteld zijn aan HIV heel kleine hoeveelheden HIV-DNA in zich dragen. De 

hoeveelheidd HIV-DNA die we in deze seronegatieve mensen detecteren is echter nog steeds 

well minstens 1000 keer lager dan in HIV-seropositieve mensen. 

•• Imuunactivatie en kans op HIV seroconversie 

Alss je HIV-DNA detecteert in het bloed van mensen kan je die mensen dus niet 

ongeïnfecteerdd noemen, maar toch hebben ze nergens last van. De hoeveelheid HIV is zo laag 

datt we ook niet kunnen zeggen of er vermenigvuldiging van HIV plaatsvindt. Als mensen een 

infectiee oplopen, reageren hun immuuncellen daarop en raken die cellen geactiveerd. We 

wetenn dat geactiveerde cellen makkelijker worden geïnfecteerd door HIV. Bovendien 

producerenn deze na infectie veel meer nieuwe virusdeeltjes dan niet-geactiveerde (rustende) 

cellen. . 
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Inn apen is gevonden dat wanneer SIV (apen-HIV) via de vagina of het rectum een nieuwe 
gastheerr infecteert de eerste cellen onder de huid die geïnfecteerd worden veelal juist rustende 
cellenn zijn. De meerderheid van de immuuncellen die onder de huid aanwezig zijn, zijn 
namelijkk rustend. De onderzoekers zagen echter ook dat het kleine aantal geactiveerde cellen 
datt geïnfecteerd was, veel meer virusdeeltjes produceerde. Daarom stelden ze een model van 
HlV-overdrachtt (transmissie) voor waarbij de rustende cellen de HIV-vermenigvuldiging op 
eenn heel laag pitje aan de gang houden op de plaats van initiële overdracht terwijl infectie van 
geactiveerdee cellen zorgt voor verspreiding van de infectie door het lichaam. Overigens zijn 
err theorieën waarbij gespecialiseerde immuuncellen als een soort Trojaanse paarden HIV van 
dee plaats van infectie naar de lymfeklieren vervoeren, maar ook als dat een belangrijke rol 
speelt,, zal dat makkelijker gebeuren bij een hogere concentratie HIV-deeltjes en dus na de 
infectiee van geactiveerde cellen. 

Wee stelden de hypothese dat er een rol zou 
kunnenn zijn voor immuunactivatie in de 
succesvollee overdracht van HIV (via 
seksuelee interactie) van de ene naar de 
anderee gastheer. Immuunactivatie geeft veel 
geactiveerdee cellen en veel geactiveerde 
cellenn zouden de ontvankelijkheid voor HIV 
kunnenn verhogen. We hebben het niveau 
vann bepaalde markers voor immuunactivatie 
inn het bloed van HRSN vergeleken met het 
niveauu van die markers in het bloed van 
seronegatievee mensen die later wel HIV-

seropositieff werden (pre-seroconversie controles). Inderdaad vonden we een lager niveau van 
activatiee van bloedcellen die CD4 op het celoppervlak hebben in de HRSN dan in de mensen 
diee (met hetzelfde of lager risicogedrag) later wel seropositief werden (hoofdstuk 8). Dat 
impliceertt dat minder hoge imuunactivatie in deze HRSN misschien verklaart dat ze geen 
echte,, 'full-blown' HIV-infectie krijgen (ondanks de extreem lage, maar detecteerbare 
hoeveelheidd HIV-DNA). Een kleinere hoeveelheid geactiveerde cellen op de plaats van 
initiëlee HIV-infectie zou dus de kans op succesvolle overdracht en seroconversie 
verminderen. . 

•• Concluderende opmerkingen 

Dee resultaten het onderzoek dat in dit proefschrift is beschreven, worden in hoofdstuk 10 
besprokenn aan de hand van de beschikbare literatuur. We concluderen dat de afnemende 
gevoeligheidd voor R5 remmers van R5 HIV-1 varianten tijdens ziekteprogressie 
waarschijnlijkk geen gevolgen hoeft te hebben voor de toepassing van deze middelen in de 
bestrijdingg van AIDS. Dat komt doordat de concentraties van die middelen bij toediening 
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waarschijnlijkk hoog genoeg zijn om de minder gevoelige R5 virus varianten ook te kunnen 
remmen.. Wel denken we dat de door ons veronderstelde rol van immuunactivatie in de 
gevoeligheidd voor HIV-1 infectie wellicht een klinische toepassing kan hebben. Stoffen die 
immuunactivatiee en ontsteking remmen zouden gebruikt kunnen worden om de kans op HIV-
11 overdracht bij onbeschermd seksueel contact te doen afnemen. 
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•• Verklarende woordenlijst 

CD4 CD4 
Eenn eiwit op het celoppervlak (receptor) dat door H1V gebruikt wordt om een cel te kunnen 
binnendringen.. Dat gebeurt altijd in combinatie met een co-receptor. 

Co-receptor r 
Eenn eiwit op het celoppervlak (receptor) waarvan HIV gebruikt maakt om een cel te kunnen 
binnendringen.. Altijd in combinatie met CD4. De twee belangrijkste co-receptoren die door 
HIV-11 gebruikt kunnen worden zijn CCR5 en CXCR4. Virus varianten die CCR5 gebruiken 
wordenn R5 genoemd en virus varianten die CXCR4 gebruiken, worden X4 genoemd. 

CTL L 
Cytotoxischee T lymfocyt. Een cel die geïnfecteerde cellen kan herkennen en opruimen. 

Deletie e 
Verliess van een stukje genetisch materiaal. 

DNA A 
Desoxyribonucleinezuur.. Informatiedrager van ons genetisch materiaal. Het molecuul dat de 
genetischee informatie van onze cellen vasthoudt. 

Env/gpl20 0 
Hett envelop eiwit dat op het oppervlak van Hl V-virusdeeltjes zit. Het bindt aan de eiwitten op 
hett celoppervlak (CD4 in combinatie met CCR5 of CXCR4) en zorgt voor het binnendringen 
vann de cel. 

Fenotype e 
Dee uiterlijke voorstelling van de erfelijke aanleg. Bij voorbeeld of een eiwit wel of niet tot 
expressiee komt. Het product van het genotype. 

Genoom m 
Hett geheel van alle genen van een organisme. 

Genotype e 
Dee erfelijke aanleg, de verzameling van al het genetisch materiaal van een organisme of van 
eenn cel. Het hebben van een bepaald gen of een bepaalde mutatie in een gen. 

HIV-1 1 
Humanee immunodeficientie virus type 1, veroorzaakt AIDS (acquired immunodeficiency 
syndrome)) door depletie van het immuunsysteem. 

HRSN N 
Hoogg risico seronegatief persoon. Iemand die risico loopt op HIV infectie, maar seronegatief 
iss gebleven. 

Immuuncel l 
Eenn cel van je afweersysteem {- immuunsysteem). 

Immuunsysteem m 
Afweersysteem,, lichaamseigen verdedigingsmechanisme tegen infecties. 
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Macrophaag g 
Eenn immuuncel die geïnfecteerde of zieke cellen kan opeten, maar zelf ook geïnfecteerd kan 
rakenn door HIV. 

Mutatie e 
Eenn verandering in de erfelijke informatie van een organisme. 

PCR R 
Polymerasee chain reaction, polymerase kettingreactie. Polymerase is het enzym-eiwit dat 
DNAA kopieert. Een kettingreactie met dat enzym wil zeggen dat het enzym heel veel kopieën 
maaktt van een klein, specifiek stukje DNA. Welk stukje dat is dat kunnen we bij het inzetten 
vann de reactie zelf bepalen met behulp van nog kleinere stukjes DNA die identiek zijn aan de 
uiteindenn van het stukje dat we willen kopiëren (primers). We gebruiken de PCR om aan te 
tonenn of een specifiek stukje DNA aanwezig is in een monster of niet. De grote hoeveelheid 
kopieënn van het gewenste stukje DNA kunnen we zichtbaar maken. Als het monster het 
gewenstee stukje DNA bevat krijgen we een product van de PCR te zien, als het niet aanwezig 
wass zien we ook geen product. 

RANTES S 
Eenn lichaamseigen stofje dat aan CCR5 kan binden en vermenigvuldiging van R5 varianten 
kann remmen. 

R5/CCR5 5 
Ziee 'co-receptor'. 

RNA A 
Ribonucleinezuur.. Een minder stabiele informatiedrager van genetische informatie dan DNA. 
Hett HIV genoom bestaat uit RNA en wordt bij infectie van een cel omgeschreven naar DNA. 

Seroconversie e 
Vann seronegatief, seropositief worden. 

Seronegatief/seropositief f 
Negatieff of positief zijn voor antilichamen tegen HIV. Als je HlV-seronegatief bent dan heb 
jee geen antilichamen tegen HIV in je bloedserum, als je positief bent dan heb je ze wel. Als je 
positieff bent voor antilichamen tegen HIV dan ben je HIV-positief. (Er zijn wel mensen 
gevondenn die seronegatief zijn in wie we heel erg weinig HIV kunnen detecteren (hoofdstuk 
9)) en sommige seropositieve mensen hebben ook maar heel weinig HIV-DNA, maar het is 
nogg nooit gevonden dat seropositieve mensen geen detecteerbaar HIV hebben.) 

X4/CXCR4 4 
Ziee 'co-receptor'. 
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Stellingenn behorend bij het proefschrift 
Determinantss of host HIV- 1 susceptibility and R5 HIV- 1 evolution 

1.. HIV-1 evolueert niet alleen door de immuunresponsen van de gastheer te ontwijken, 
maarr ook door competitie om de cel zo efficiënt mogelijk binnen te dringen, (dit proefechrift en 
Stalmeijerr et al., 2004 78:2722) 

2.. Detectie van HIV-1 specifieke cytotoxische T lymphocyten in seronegatieven correleert 
niett met bescherming tegen infectie of tegen seroconversie. (dn proefschrift) 

3.. Lage CD4 T cel activatie zou bescherming kunnen geven tegen HIV-1 seroconversie. (dit 
proefschrift) ) 

4.. De detectie van extreem kleine hoeveelheden HIV-DNA in blijvend HIV-seronegatieve 
mannenn en in seropositieve mannen die aanhoudend asymptomatisch blijven, noopt tot 
eenn voorzichtig gebruik van termen als 'infectie', 'transmissie' en 'HiV-negatief. 

5.. De vergissing 'female sex worker' te verbeteren naar 'female sew worker' had alleen 
doorr een Britse editor kunnen gebeuren, (proefdrukKoninget «i., AIDS 2004, is:ii 17) 

6.. Publicatie in een hoog aangeschreven tijdschrift is niet altijd afdoende om het CAF van 
h ett  k o r en t e Sche iden. (Zhang L, et al„ Science 2004, 303:467) 

7.. Het is te kort door de bocht om te redeneren dat een materialistisch wereldbeeld betekent 
datt  de Were ld d e t e r m i n i s t i s ch i s . (Dennet DC, 2003 Freedom evolves) 

8.. Voor magie is geen puntmuts of toverstok nodig: met taal alleen al is magie te 
bewerkstelligen. . 

9.. We worden geregeerd door emotie (Lessing DM, i987 Prisons we choose to live inside); juist daarom is 
hett van groot belang bewust te kiezen welke media we tot ons nemen. 

10.. Wetenschappelijk onderzoek is beschavend werk (Weinberg s, 2003 Nature 426:389) al zijn 
wetenschapperss niet altijd even beschaafd. (Pratchett T, et ai., 1999 The science of Discworid n) 

11.. Dankzij het fractale karakter van de wetenschap, lijkt de zoektocht naar de Theorie van 
Alless op een gevecht tegen de Hydra. 

12.. Scrupuleuze mensen maken het zichzelf zinvol moeilijk. 

13.. The Dutch language should be appreciated. 

Fransjee Koning, 2004 



Thesess which go together with 
Determinantss of host HIV- 1 susceptibility and R5 HIV- 1 evolution 

1.. HIV-1 not only evolves through selection for escape variants from the host immune 
responses,, but also through competition for more efficient cellular entry, (this thesis and 
Stalmeijerr et aL, 2004 78:2722) 

2.. Detection of HIV-1 -specific cytotoxic T lymphocytes in seronegatives does not correlate 
withh protection from infection or seroconversion, (this thesis) 

3.. Low CD4 T cell activation could provide protection from HIV-1 seroconversion, (thisthesis) 

4.. Detection of extraordinary low levels of HIV-DNA in persistent HIV-seronegative men 
andd in seropositive men who remain persistently asymptomatic with no detectible RNA 
loadd without treatment, necessitate a careful use of terms like 'infection', 'transmission', 
andd 'HIV-negative'. 

5.. The change of 'female sex worker' into 'female sew worker' could only have happened 
b yy a B r i t i s h ed i to r , (proof prints Koning et al., AIDS 2004, 18:1117) 

6.. Publication in a high impact journal is not always sufficient to separate the wheat from 
thee CAF. (Zhang L, et ai., Science 2004,303:467) (and some jokes work better in some languages than 
others) ) 

7.. It is flawed thinking to reason that a materialistic world-view means that the world is 
d e t e r m i n i s t i c .. (Dennet DC, 2OO3 Freedom evolves) 

8.. Magic has no need for pointed hats or wands, there is staggeringly much to beget of it by 
languagee alone. 

9.. We are being governed by emotion (Lessing DM, i987 Prisons we choose to live inside), therefore it is 
cruciall to make conscious choices on what media we listen to. 

10.. Scientific research is civilizing work (Weinbergs, 2003 Nature426389) even though scientists are 
n ott  a l w a ys e x t r e m e ly Civ i l ized . {Pratchett T, et al„ 1999 The Science of Discworld II) 

11.. The fractal-like character of science makes the search for a Theory of Everything 
resemblee a fight with the Hydra. 

12.. Scrupulous people make life meaningfully difficult for themselves. 

13.. Engels mag er ook wezen. 

Fransjee Koning, 2004 
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