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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 
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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. 
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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 
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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 
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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. 




