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Introduction n 
Generall Introduction 

Inn 1981 the first reports appeared on a new disease among young homosexual/ bisexual men in New 

Yorkk and Los Angeles (9,26). These men. were suffering and dying from immune deficiency 

characterizedd by opportunistic infections (like lung infection caused by the bacteria Pneumocytis carinii), 

orr malignancies (Kaposi Sarcoma, until then a rare kind of skin malignancy). Individuals with this 

Acquiredd Immunodeficiency Syndrome (AIDS) had very low numbers of T helper CD4 lymphocytes. 

Evidencee that an infectious agent was involved in this disease came from the observation that 

intravenouss drug users, hemophiliacs and small children were also at risk. Thus, the infectious agent was 

nott only transmitted sexually but also by contaminated blood or blood products and vertically from 

motherr to child. 

Inn 1983 and 1984 the groups of Montagnier and Gallo (4.25) reported isolation of a retrovirus from a 

lymphh node of a patient with AIDS and this virus, now called human immunodeficiency virus or HIV, 

wass shown to be the cause of the acquired immunodeficiency. 

Att that time, it was not predicted that this virus would become one of leading causes of death in the 

world.. To date, twenty million HIV-1 infected people have already died and a total of around 40 million 

weree infected with HIV-1 at the end of 2001. Five million people were newly infected in 2001, which is 

thee result of around 14,000 new infections daily (UNAIDS report 2001). Most of the cases (70%) are in 

sub-Saharann Africa. In contrast an estimation of 10 thousand people in the Netherlands live with HIV. 

Despitee 20 years of extensive research, still no cure for eradication of HIV infection is available, leaving 

noo option for patients than to take life-long antiretroviral medication life long. Since 1996 effective 

drugss that can interfere at different steps of the viral replication cycle have become available. 

Combinationss of these drugs, called highly active antiretroviral therapy (HAART), can effectively 

inhibitt virus replication (42). Since the introduction of HAART, the life expectancy of people infected 

withh HIV-1 has drastically increased. However serious long-term side effects of drugs such as 

lipodystrofia,, hyperlipidaemia, and peripheral neuropathy, have been reported. Another drawback in 

antiretrovirall  therapy has been the development of drug resistance of HIV-1 during treatment, resulting 

inn therapy failure. Furthermore these drugs are still only affordable and accessible for a small proportion 

off  people infected with HIV-1. 

Itt has become clear that only an effective vaccine can stop the HIV pandemic. One of the problems with 

thee development of an effective vaccine is the high antigenic diversity of HIV-1, making it difficult to 

havee an effective response to the complete "quasispecies'" of HIV. Vaccines that have been developed to 

datee do not protect against HIV infection, also not in monkeys. Therefore despite extensive research in 

thiss field, and although progress is being made (41), a protective HIV vaccine will probably not be 

availablee for at least 5 to 10 years (3,30). 
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Characteristicss of HIV-1 

HIVV is a retrovirus which as all viruses needs the cellular machinery to reproduce itself. A hallmark of 

retrovirusess is that they use the viral enzyme reverse transcriptase to transcribe their genomic RNA into 

provirall  cDNA, which can then be integrated into the genomic DNA of the host cell. 

HIVV most likely originates from Chimpanzees (SIV t pJ and may have crossed the species barrier to 

humanss somewhere in the first half of the twentieth century in central Africa (38.67) 

HIVV has been further classified as a member of the family of Lentiviridae. a family of viruses to which 

alsoo the simian immunodeficiency virus (SIV) and the feline immunodeficiency virus (FIV) belong. 

Thesee viruses cause immunodeficiencies in rhesus macaques and cats, respectively. The name lentivirus 

referss to the slow course of disease they cause in their hosts. There are two types of HIV: HIV-1 and 

HIV-2 .. HIV-1 is more widespread than HIV-2, which is mostly only prevalent in West Africa (55). HIV-

11 can be divided in three main groups, the M-group (major), the N-group (new or non-M. Non-O) and 

thee O-group (outlier). The M-group, which is accountable for about 99% of the HIV-1 infections 

worldwidee can be divided into distinct genetic subtypes or clades which are grouped according to 

resemblancee across the whole genome. Clade A through K have been identified, although diversity 

mightt still be more complicated with new evolving intersubtype recombinants. Globally Clade A and C 

accountt for most of the infections followed by clade B which is currently the dominant form in Northern 

Americaa and Europe (49). Sequence diversity in the quasispecies within one individual can be as high as 

\0\0cc/c/c while sequence diversity within one subtype can be as high as 209c (42). 

HIVV virions have a spherical or cone shape core with a diameter of 110 nm, which is surrounded by a 

bilipi dd envelope. The core contains two identical copies of positive single stranded genomic RNA 

molecules.. This genome of HIV consists of 9.2 kilobasepairs, and contains 9 overlapping Open Reading 

Framess (ORFs), flanked by two identical long terminal repeats (LTR) that are important for 

transcriptionall  regulation and integration. The ORFs encode for the structural proteins gag, pol, and env. 

HIVV also contains seven other ORFs for regulatory and accessory genes called vpr. vpu. nef. tat, rev and 

vif(62). . 

HIVV gives rise to a persistent infection with a high level of continuous replication producing 109- 101" 

particless per day (13,31,52). HIV can infect several different cell types in vivo such as T cells, 

macrophages,, dendritic cells (10) but also Langerhans cells (66) and microglia cells in the brain (61). 

Thee replication cycle of HIV-1 

Forr entry into a target cell. HIV-1 uses its heavily glycosylated envelope protein gpl20, which is none-

covalentlyy linked to gp41. Gpl20 and gp41 structures form oligomeric trimers. which are present as 

spikess on the outside of the viral envelope. First, attachment to the cell occurs when the envelope 

moleculee gpl20 binds to the cellular receptor CD4. It is believed that this binding draws the virion closer 
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too the cellular membrane and induces a conformational change in the envelop molecule resulting in the 

exposuree of variable regions in the gp!20 molecule (VI-V 2 and V3) which can then interact with a 

coreceptor.. HIV coreceptors are chemokine receptors. These are 7 transmembrane spanning molecules. 

Afterr binding of HIV to the chemokine receptor, the hydrophobic part of the molecule is exposed, 

insertingg the fusion peptide gp41 into the cellular membrane. The lipid envelope membrane and the lipid 

cellularr membrane are then brought in close proximity. 

Afterr fusion of the viral and cellular membranes, the nuclear capsid of HIV degrades, releasing the 2 

singlee stranded RNA molecules of the HIV genome into the cytosol. One RNA molecule is reverse 

transcribedd into proviral double stranded DNA by the viral enzyme reverse transcriptase. The proviral 

DNAA is then transported to the nucleus where it integrates into the host cell genome, with a preference 

forr sites with high gene activity. Viral transcription starts with "early" or multiple spliced mRNA's which 

encodee for the regulatory proteins. After that, the single spliced and non-spliced mRNAs are formed 

whichh encode for the structural proteins. Finally, new single stranded full genomic RNA is formed. The 

genomicc RNA strands are packaged into the virion which is assembled at the cell membrane from which 

buddingg of new virions then can occur. 

Thee natural course of HIV-1 infection 

Primaryy or acute HIV-1 infection in general does not present with any symptoms. However, in about 

25%% of individuals, primary infection presents with mild flu like symptoms (fever, fatigue, pharyngitis, 

rash,, lymfadenopathy), although sporadically more severe neurological symptoms may also occur (eg 

meningitis,, neuropathy, myelopathy and encephalopathy). 

Highh levels of viremia during the first days or weeks can be observed (12.16). The level of viremia 

reachess a peak which is mirrored by a quick loss of CD4 cells in peripheral blood, probably due to 

massivee homing of T cells to the lymph nodes where HIV load is highest. Hereafter a decline of viremia 

cann be seen. This decline may be a consequence of an effective immune response. An alternative 

explanationn could be the so-called preditor-prey model, assuming a reduction of virus production as a 

consequencee of a limitation in the number of target cells (58). One to two years after seroconversion, a 

virall  set point is established. This set-point may reflect a balance between virus production and virus 

clearancee in the body. The viral RNA load in plasma at set-point is predictive for the subsequent clinical 

coursee of HIV-1 infection (18,47). 

HIV-11 seroconversion for HIV specific antibodies occurs 1 to 10 weeks after infection. 

Afterr the initial decline during primary infection. CD4 T cell number is restored to subnormal levels. 

Duringg a subsequent asymptomatic period. CD4 cells gradually decline and HIV RNA load in plasma 

steadilyy increases. The decline in CD4 cells, together with other abnormal immunological 

manifestations,, leads to a deterioration of the immune system (14.27). 
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Whenn the CD4 cell number eventually drops below 200 cells/jal, the risk for opportunistic infections/ 

malignanciess or HIV wasting syndrome increases. According to the CDC criteria set in 1992, AIDS is 

diagnosedd when one of these clinical criteria is met. 

AA typical lenght of the asymptomatic phase in HIV-1 infected individuals in the absence of antiretroviral 

therapyy is estimated to be 8-10 years (29), although the length of the asymptomatic phase can be highly 

variable.. Indeed, some individuals, classified as long-term non progressors remain asymptomatic with 

stablee CD4 counts in the absence of antiviral treatment, for more than 9 years. On the other end of the 

spectrumm are the 10% individuals who develop AID S very rapidly, within 3 to 5 years. These individuals 

aree classified as rapid progressors. 

Influencee of host factors on disease course 

Thee variability in the clinical course of HIV infection is due to host determined and viral factors. Strong 

HIVV specific cell-mediated immunity seems to contribute to the control of HIV-1. In long term non-

progressors,, precursor frequencies of cytotoxic T cells were higher and longer preserved as compared to 

CTLL in progressors (36,39). Moreover, depletion of rhesus macaques for CD8 positive T cells resulted in 

moree severe disease after challenge with SIV(32). Humoral immunity, also in the mucosa seems to be 

importantt as well (28,57), although its exact role in controlling HIV-1 replication in vivo has not yet 

beenn established. 

Hostt genetic factors may also explain in part the variable clinical course of HIV infection between 

individuals.. Polymorphisms in chemokines and chemokine receptors have also been demonstrated to 

influencee the clinical course of HIV infection. 

Chemokinee receptors are G-protein coupled 7 transmembrane spanning molecules. Chemokine receptors 

cann serve as coreceptors for HIV entry (1,11,20-23). While HIV can use several chemokine receptors for 

entryy in vitro, the major relevant chemokine receptors used by HIV in vivo are CCR5 and CXCR4 

(15,65).. CCR5 is used by non-syncytium inducing (NSI) macrophagetropic HIV variants whereas 

CXCR44 is used by syncytium inducing (SI) variants. The natural ligands for these receptors are 

chemokines.. These are small, secreted proteins of 8-14 kD. which are involved in the regulation of 

traffickingg of various types of leukocytes through signalling via their cognate receptors. The natural 

ligandss for CCR5 are the macrophage inflammatory protein l a and i p (MIPloc and, MlPlfi ) and 

RANTESS (regulated upon activation, normal T-cell expressed and secreted). Stromal celt-derived factor 

11 (SDF-1) is the natural ligand for CXCR4. The natural ligands can block cellular entry of HIV variants 

probablyy through downmodulation of the chemokine receptor or by steric hindrance. 

AA naturally occurring 32 base pair (bp) deletion in the CCR5 chemokine receptor gene which causes a 

prematuree stop and a non-functional CCR5 protein which is not expressed on the cellular membrane, has 

beenn associated with protection from infection and disease progression (44,56). Individuals homozygous 

forr the 32 bp deletion were protected from infection despite high risk behavior with respect to HIV 
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transmission,, although infection with X4 HIV-1 of CCR5 A32 homozygous individuals has been 

reportedd (2.5,50,63). Heterozygosity for this 32 bp deletion in CCR5 has been associated with a delayed 

diseasee course, probably as a consequence of reduced CCR5 expression levels on the cellular membrane. 

Mutationss in other chemokine receptors, such as the CCR2b 641 homozygosity, have also been 

associatedd with protection from disease progression. Since CCR2 is not frequently used as a coreceptor 

byy HIV isolates, the mechanism of protection associated with this genotype is not very well understood. 

Thee CCR2b 641 polymorphism is in complete linkage disequilibrium with a polymorphism in the CCR5 

promoterr region. Although a reduced expression of CCR5 in relation to the CCR2b 641 genotype has 

beenn proposed as a mechanism of protection, this has never been demonstrated. However, a correlation 

betweenn CCR2b 641 and CCR5 functioning cannot be excluded. 

Otherr polymorphisms in the regulatory promoter region upstream of the CCR5 gene or in the gene 

codingg for the chemokine RANTES have also been described to influence disease (43,46.64). 

AA polymorphism in the 3' untranslated region of the SDF-1 gene (SDF-1 3'A) has also been implicated 

too affect disease progression. This polymorphism is possibly involved in upregulation of the SDF-1 

chemokine.. However in a recent meta-analysis study an effect of the SDF-1 3'A genotype on disease 

progressionn has not been confirmed (48). 

Differencess in the clinical course of infection have been associated with certain alleles of the human 

leucocytee antigen (HLA) . Heterozygosity for HLA class I loci has been associated with delayed disease 

progression,, probably reflecting the benefit of the hosts' ability to mount a broad/ diverse immune 

response. . 

Whilee certain HLA types (like B35, Cw4, HLA-A23) have been found to be associated with a more 

rapidd disease progression, other HLA type loci (B57, HLA B27, HLA B14 HLA C8 and HLA Bw4, 

HLA-A2/A6802,, HLA-DR1) have been associated with long term non-progression. 

Influencee of viral factors on disease course, virulence 

Inn addition to host determined factors, viral factors are considered to influence the clinical course of 

infection.. This is already evident from the observation that people infected with HIV-2 usually have a 

longerr asymptomatic period (> 10 years), with lower plasma viral RNA loads as compared to HIV-1 

infectedd people (55). 

Firmm evidence for a role of viral factors came from the observation that individuals with a long term 

asymptomaticc HIV infection often harbored attenuated viruses, for instance viruses with a deletion in the 

neff  gene (19.35,45). Inoculation of macaques with a nef deleted SIV variant resulted in persistent 

infectionn but not a progressive disease course (33). Interestingly, macaques that were inoculated with an 

attenuatedd nef deleted SIV were protected from subsequent SIV infections (17). 
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Blaakk et al showed that HIV-1 R5 variants isolated from LTA replicated more slowly in vitro than virus 

isolatedd from persons who had progressed to AIDS (6). In agreement, viral isolates from LTA have a 

lowerr ex vivo fitness as compared to R5 isolates from progressors (54). 

Increasingg virulence in the course of infection was also demonstrated in the SIV macaque model. 

Inoculationn of new macaques with SIV that either had been isolated from asymptomatic or diseased 

animalss revealed a dramatically decreased incubation time to AIDS for animals that received the late 

stagee obtained isolate (34). 

Onee of the biological properties of HIV-1 that most prominently correlates with the clinical course of 

infectionn is the capacity to induce syncytia in the MT-2 cell line. HIV-1 infection is generally established 

byy non-syncytium inducing (NSI) HIV-1 variants, whereas syncytium inducing (SI) HIV-1 variants 

emergee in approximately 509c of HIV infected individuals in the course of infection (37). SI HIV-1 

variantss evolve from NSI variants and phylogenetic analyses have shown that their appearance in an 

individuall  is a unique event. After the emergence of SI HIV-1 variants, CD4+ T cell numbers decline 

moree rapidly than during the phase in which only NSI variants are present. This can be explained from 

thee observation that SI variants can infect naive T cells, thereby directly interfering with T cell renewal 

(7,51).. Indeed, naive T cells express CXCR4 and not CCR5. which make them exclusive target cells for 

SI/X44 variants (8). The presence of SI HIV-1 variants is associated with rapid disease progression and is 

predictivee for the development of AIDS, independent from other progression markers such as viral RNA 

loadd in plasma, T cell function and CD4+ T cell numbers (37). However, in 507c of the infected 

individualss progression to AIDS occurs in the presence of only NSI/R5 HIV-1 variants, indicating that 

SI/X44 HIV-1 is no prerequisite for disease progression. 

Co-expressionn of CD4 and an appropriate coreceptor define potential target cells for HIV-1. However, 

macrophagess express CD4 and both CCR5 and CXCR4 yet are relatively resistant to infection by SI/X4 

variantss (60). The relatively low expression of CD4 on macrophages and the higher CD4 dependency of 

SI/X44 variants (40.53) may explain this less efficient entry. Furthermore, differences in post-translational 

modificationss of CXCR4 in macrophages have been suggested to influence the macrophage 

susceptibilityy for CXCR4 using variants. Finally, post-entry restrictions at multiple levels of the 

replicationn cycle may contribute to the resistance of macrophages to infection with X4 HIV variants 

(24). . 

Scopee of this thesis 

Thee first part of this thesis describes two studies on genetic factors and their relation with disease 

progression.. In Chapter 2, we studied whether polymorphism -589T in the IL-4 promoter influences SI 
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acquisitionn and disease progression in the Amsterdam cohort of homosexual men with HIV. The effect 

off  the T280M mutation in the CX3CR1 gene on disease progression was studied in Chapter 3. 

Thee second part of this thesis describes viral factors which in potential could influence the clinical 

coursee of HIV infection. In Chapter 4, we studied the (3-chemokine neutralization sensitivity of R5 viral 

isolatess that were obtained from non-progressors and progressors who never developed X4/SI HIV 

variants.. The cytopathicity of these R5 viral isolates was compared in PHA-PBMC (Chapter 5) and in an 

exx vivo lymphoid culture system (Chapter 6). 

Cytopathicityy of X4/S1 HIV-1 variants in comparison with R5/NSI HIV-1 variants and the kinetics of 

celll  depletion within different CD4 T cell subsets in vitro was studied in Chapter 7. 
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