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Introduction n 
Generall  Introductio n 

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 vira l 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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Associationn between an interleukin-4 promoter polymorphism and 

thee acquisition of syncytium inducing CXCR4 using human 

immunodeficiencyy virus type 1 variants 

Abstract t 

Background::  A polymorphism at position -589 in the interleukin 4 (IL-4) promoter region was recently 

describedd to be associated with the presence of syncytium-inducing CXCR4 using (X4) HIV-1 variants. 

Objective::  To study the IL-4 promoter polymorphism -589T in relation to HIV-1 disease progression 

andd acquisition of X4 variants. 

Design::  Retrospective longitudinal study among 342 HIV-1 infected homosexual men who participated 

inn the Amsterdam Cohort study. 

Methods::  Polymerase chain reaction was used in combination with restriction fragment length 

comparisonn to identify IL-4 promoter genotypes. 

Results::  Carriers of the -589 C/C genotype and carriers of the -589T allele (either -589 C/T 

heterozygotess or -589 T/T homozygotes), showed comparable progression to AIDS (Relative Hazard 

[RH],, 0.94; P=0.71), and survival (RH IL-4 -589 C/T or T/T, 0.94; P=0.69). In contrast to a previously 

reportedd study, we found that the -589T polymorphism was associated with a delayed acquisition of X4 

variantss (RH. 0.56; P=0.02 for IL-4 -589 C/T or T/T). After the appearance of X4 HIV-1, a trend 

(P=0.06)) towards a more accelerated progression to AIDS was observed for carriers of the -589T allele. 

Conclusion::  In the Amsterdam Cohort of homosexual men with HIV infection, the IL-4 -589T promoter 

polymorphismm was associated with a delayed acquisition of X4 variants but did not affect overall disease 

progression. . 

Keywords:: HIV-1, interleukin (IL)-4. viral phenotype, X4 variants, disease progression 

Introductio n n 

Thee outcome of HIV-1 infection can vary between individuals and depends on host and viral factors. 

Amongg those viral factors are replication rate, cell tropism and syncytium-inducing (SI) phenotype 

(1,2,4,24,25).. With the discovery of chemokine receptors as coreceptors for HIV-1, the basis for cell 

tropismm and SI capacity have been elucidated (9-11). Non-syncytium-inducing (NSI) HIV-1 variants use 

chemokinee receptor CCR5 as coreceptor for cell entry while SI HIV-1 variants alternatively or in 

additionn use CXCR4 (8,31,32). 

Thee emergence of CXCR4 using (X4) HIV-1 variants has been associated with an accelerated CD4+ T 

celll  loss and faster disease progression (5.12.20). X4 variants appear in only 507c of HIV-1 infected 
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individualss and predominantly when the CD4+ cell number has declined below 500 cells/ \x\ (13). The 

underlyingg mechanism for these observations is still unclear. 

Followingg HIV-1 infection a deterioration of the immune system is observed. One of the hallmarks is a 

skewingg from T helper 1 (Thl) to T helper 2 (Th2) type or T helper 0 (ThO) type responses (3,15-17). It 

hass been proposed that a Th2 cytokine pattern might influence the acquisition of X4 HIV-1 variants (26). 

Inn vitro studies have shown that interleukin 4 (IL-4). one of the key Th2 regulatory cytokines, had a 

differentt effect on the replication of macrophagetropic compared to T-tropic HIV-1 variants (23,27.30). 

Inn addition a down-modulating effect of IL-4 on CCR5 expression and an upregulating effect on CXCR4 

expressionn in vitro has been reported (27,29,30). 

Recentlyy in a cross-sectional study, a C-to-T single nucleotide polymorphism located -589 base pairs 

(bp)) upstream of the IL-4 open reading frame was associated with an increased frequency of X4 HIV-1 

variantss (18). This polymorphism has previously been associated with an increased IL-4 promoter 

activityy and with elevated IgE serum levels in asthmatic family's (21). 

Too further substantiate these findings we analyzed a possible association between the IL-4 -589T 

promoterr polymorphism and the acquisition rate and prevalence of X4 HIV-1 variants and the clinical 

coursee of HIV infection in the Amsterdam Cohort of homosexual men with HIV infection. 

Material ss and Methods 

StudyStudy population 

Thee study population consisted of Caucasian homosexual men. who were enrolled in the Amsterdam 

Cohortt on HIV-1 infection and AIDS between October 1984 and March 1986, as described previously 

(7). . 

Off  these participants 238 men were already positive for HIV-1 antibodies during the cohort study. The 

remainingg 131 men seroconverted during follow up. Five of the seroprevalent men refused further 

participation. . 

Thee censor date was set at 1 January 1996, by that time none of the individuals had received highly 

activee antiretroviral therapy (HAART). 

Inn previous epidemiological studies on the incidence of HIV-1 infections it was shown that infection in 

seroprevalentt men occurred on average 1.5 years before entry into the Amsterdam Cohort studies (28). 

Thereforee the time of seroconversion was set at 1.5 years before study entry for seroprevalent men. No 

differencess in AIDS-free survival were found between seroconverting and seroprevalent participants 

usingg Kaplan-Meier (P=0.36) and Cox proportional hazard analysis (relative hazard [RH], 1.17; 95% 

confidencee interval [CI], 0.84-1.63). These results suggest a good estimation of the seroconversion date 

inn the tatter group. Therefore we combined the follow up data of 131 men who seroconverted during 

follow-upp with the data of 233 seroprevalent men as one study group (n=364). 
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IL-4IL-4 genotyping 

DNAA samples were available of 342 out of 364 men (94<7r). For genotyping of the IL-4-589 C-T 

polymorphism,, genomic DNA was subjected to a polymerase chain reaction (PCR) according to the 

protocoll  of Nakayama et al (18). In brief, PCR was performed using the primer pair; 562m (5'-

TAAACTTGGGAGAACATGGT-3'' forward) and primer 756m (5'-TGGGGAAAGATAGAGTAATA-

3'' reverse), using Taq DNA polymerase (Promega, Madison, WI) in a final concentration of 1.5 mM 

MgCLL A mismatch at position -592 was introduced, which in combination with the -589C allele resulted 

inn an Ava II restriction site. However when the nucleotide at position -589 upstream of the IL-4 gene was 

aa thymidine, this restriction site was not introduced. Conditions for PCR were 5 minutes (min.) of 

denaturationn at 93°C; 36 cycles of 1 min. 93°C; 1 min. 48°C; 1 min. 72°C and 3 min elongation at 72"C. 

PCRR products were digested with Ava II (Life Technologies, Rockville, MD) for 2 hours at 37°C and 

thenn analyzed by electrophoresis on a 2% agarose and 2% low melting point agarose gel stained with 

ethidiumm bromide. A -589C allele yielded a band of 177 basepairs (bp) (and an invisible band of 18 bp) 

andd a -589T allele yielded a band at 195 bp. 

HIV-1HIV-1 phenotyping 

Everyy 3 months, patient peripheral blood mononuclear cells (PBMC) were cocultivated with MT2 cells 

too detect syncytium-inducing (X4) HIV-1 variants (14). X4 phenotype data were available of 266 of 342 

(78%)) individuals from whom DNA samples were analyzed. Time point of first emergence of X4 HIV-1 

variantss was estimated as the midpoint between the calendar date of the last Si-negative sample and the 

firstt Si-positive sample. 

FlowFlow cytometry 

FACSS analysis was performed on cryopreserved PBMC from participants of the Amsterdam Cohort 

studies,, who seroconverted during follow-up. This study population will be described in more detail 

elsewheree (van Rij et al., submitted for publication). In brief, cryopreserved cells from time points pre-

seroconversion,, 1 year post seroconversion and 5 years post seroconversion were analyzed. Cells were 

thawed,, washed in phosphate buffered saline (PBS) supplemented with 0.5% bovine serum albumin 

(BSA)) and stained with fluorochrome labeled monoclonal antibodies anti-CCR5-fluorescein 

isothiocyanatee (FITC), clone 2D7 (Pharmingen, San Diego, CA); anti-CXCR4-phycoerythin (PE), clone 

12G55 (Pharmingen); anti-CD4-peridinin chlorophyll protein (PerCP); anti-CD45RO-allophycocyanin 

(Bectonn Dickinson, San Jose, CA) for 20 minutes at 4°C. Cells were washed and fixated in cellfix 

(Bectonn Dickinson) and cell surface expression was then measured on a FACScalibur (Becton 

Dickinson).. All analyses were performed with Cellquest software (Becton Dickinson). 

27 7 



Chapter|2 2 

StatisticalStatistical Analysis 

Kaplan-Meierr and Cox proportional hazard analyses were used to study the effect of the -589T IL-4 

promoterr genotype on HIV-1 disease progression and on the progression to AIDS after X4 variants had 

emerged.. Kaplan-Meier and Cox proportional hazard analyses were used to estimate the time of 

conversionn to X4 variants in relation to the -589T IL-4 promoter genotype. Significance in survival 

analysiss was determined by the log rank test, yj test was used to compare allelic -589T IL-4 promoter 

frequenciess of uninfected healthy blood donors and HIV-1 infected homosexual men and to compare the 

genotypee distributions among individuals with and without X4 variants at the end of follow up. Mann-

Whitneyy test was used to compare percentages of cells after FACS staining for the IL-4 promoter 

genotypes. . 

Alll  statistical analyses were done using SPSS version 10.0 (SPSS Inc.. Chicago. IL) . 

Results s 

IL-4IL-4 promoter genotype distributions 

Thee distribution of the IL-4 -589C genotype among 342 HIV-1 infected individuals of the Amsterdam 

CohortCohort was analyzed and compared with the distribution among HIV-1 uninfected healthy blood donors 

(Tablee 1). The -589T allelic frequency found in healthy blood donors was 0.14, which is comparable to 

previouslyy reported allelic frequencies in Caucasian individuals (22). Of the HIV-1 seropositive 

participants.. 243 (71.1%) were C/C homozygous, 89 (26%) were C/T heterozygous and 10 (2.9%) were 

T/TT homozygous at position -589 in the IL-4 promoter. IL-4 -589 T allelic frequencies for the HIV-1 

infectedd group and the healthy blood donor group were in the same range (16% and 14%, respectively; 

P=0.2,, Hardy-Weinberg equilibrium expectations). This excludes protection from HIV-1 infection 

associatedd with the IL-4 -589 T allele in our study group. 

Tablee 1. IL-4 promoter genotypes among HIV-1 infected and uninfected individuals. 

IL-44 promoter polymorphism at position -589 

Genotypee C/C C/T T/T T frequency P value (HWE) 

no.(%)) no.(%) No.(%) 

HIV-11 infected 243(71.1) 89 (26.0) 10(2.9) Ö7Ï6 02 

(n=342) (n=342) 

Uninfectedd 55(75.3) 16(21.9) 2(2.7) 0.14 

(n(n = 73) 

HWEE Hardy-Weinberg equilibrium, yj P value is shown. 
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Meann age, median number of CD4 cells and median HIV-1 RNA load at set point (6 to 24 months after 

seroconversionn or at entry in the cohort study) did not differ between the genotypic groups (data not 

shown).. IL-4 promoter genotype distributions did not differ among HIV-1 infected CCR5 A32/+ 

heterozygotess and CCR5 +/+ wild type individuals. Among HIV-1 CCR5 +/+ wild type individuals 83 

outt of 274 (307c) carried the T allele compared to 16 out of 68 individuals (247c) of the CCR5 A32/+ 

heterozygotess (P-0.27). Also for the CCR2-64I and the SDF-l-3'A no skewing in distributions of the 

IL- 44 -589 promotor genotypes were observed (data not shown). 

IL-4IL-4 promoter polymorphism and clinical course of HIV-1 infection 

Thee number of IL-4 -589 T/T homozogytes was relatively small. As these individuals were not different 

fromm IL-4 -589 C/T heterozygotes with respect to disease progression or survival (data not shown), we 

combinedd the carriers of the T allele as one genotypic group and compared them to IL-4 -589 C/C 

individuals.. Kaplan Meier analysis and Cox proportional hazard analysis showed no difference in AIDS-

freefree survival for HIV-1 infected individuals categorized by their IL-4 promoter genotype (Fig. la) (for 

definitionn of AIDS, the CDC 1987 criteria were used). The relative hazard (RH) for progression to AIDS 

wass 0.94 [957c CI, 0.69-1.29] for IL-4 -589T allele carriers. Similar results were obtained using death as 

ann endpoint (RH 0.94 [957c CI, 0.67-1.31 ]) for IL-4 -589T allele carriers (Fig. 1 b). 

IL-4IL-4 promoter polymorphism and acquisition ofX4 HIV-1 variants 

Ann association between the IL-4 promoter genotype and the acquisition rate of X4 HIV-1 variants was 

studied.. From 279 out of 342 HIV-1 infected men (82%) longitudinal data on the acquisition of X4 HIV-

11 variants were available. Of these 279 men, 266 men were at risk for developing X4 HIV-1 variants, 

whereass 13 men carried X4 HIV-1 variants already at entry. The IL-4 promotor genotype frequencies in 

thee group of 266 men were comparable to the frequencies in the total group (data not shown). 

Att the end of follow up we found that individuals with the C/C genotype had a higher prevalence of X4 

HIV-11 variants (427r) compared to individuals with a -589 C/T or T/T genotype (25.3%. P= 0.01) (table 

2).. Furthermore in survival analysis the -589T allelic genotype correlated with a delayed acquisition of 

X44 HIV-1 variants compared to the C/C genotype (Log rank P=0.02, RH - 0.56 |95f/r CI. 0.34-0.93]) 

(Fig.. 2a). 

Inn addition we compared the AIDS-free survival after emergence of X4 HIV-1 variants for the different 

genotypicc groups. A trend towards faster development of AIDS after X4 emergence was observed for the 

combinedd C/T and T/T genotypic group, although this difference was not significant (P=0.06) (Fig. 2b). 
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Figuree 1. IL-4 promoter genotype and HIV-1 disease progression. Kaplan-Meier survival analysis for 
timee in years to AIDS (1987 CDC definition) (a) or time in years to death (b). Individuals with an IL-4 
promoterr -589 C/C genotype are represented by the thick solid line, carriers of the IL-4 promoter -589 
C/TT and T/T are represented by the thin dashed line. Number of men at risk is indicated above the plot 
forr each time point. Log-rank P values and Relative Hazards (RH) with confidence intervals (CI) are 
shown. . 
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yearss (a) and for progression to AIDS after X4 conversion (b). Thick solid line represents the IL-4 
promoterr -589 C/C genotype, thin dashed line represents IL-4 promoter -589 C/T and T/T genotype. 
Numberr of men at risk is indicated above the plot for each time point. Log-rank P values and Relative 
Hazardss (RH) with confidence intervals (CI) are shown. 
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Tablee 2. IL-4 promoter genotypes and the distribution of individuals with or without 
HIV-1,, X4 variants. 

IL-44 promoter polymorphism 

HIV- 11 phenotype C/C C/T or TAT P value 

R5,, no.(%) 116(58.0) 59 (74.7) 0.01 

X44 switch/entry, no.(<7r) 84(42.0) 20(25.3) 

Total,, no.C7f) 200(100.0) 79(100.0) 

R5,, HIV-1 infected individuals harbouring only R5 variants until end of follow up. X4 switch/ entry, 
HIV- 11 infected individuals who acquired X4 variants during follow up. or who were already X4 positive 
att entry (first measurement), x' P value is shown. 

Tablee 3. IL-4 genotype and coreceptor expression on CD4+ T-cells 

IL- 44 promoter 
polymorphism m 

C/C C 
<n=34) ) 
C/TT or T/T 
(n=14) ) 

CIC CIC 
(n=51) ) 
C/TT and T/T 
(n=20) ) 

C/C C 
(n=38) ) 
C/TT and T/T 
(n=17) ) 

CCR5+CD4++ CXCR4+CD4+ 

pre-seroconn version: 

13.88 2 86.2 4 

12.44 2 83.8 0 

11 year post seroconversion: 

18.22 5 82.4 2 

16.00 5 79.2 7 

55 years post seroconversion: 

20.44 0 79.0 2 

16.44 1 79.8 7 

CCR5+CD45RO+ + 

(memory)) CD4+ 

22.33  1.4 

19.8+1.5 5 

29.22  1.5 

23.88  1.1 
* * 

30.88 1 

24.11  1.9 
X X 

CXCR4+CD45RO+ + 

(memory)) CD4+ 

77.11  1.8 

75.22 6 

69.77  1.6 

68.11 3 

68.22  2.5 

69.22  4.3 

*P=0.01.. *P=0.03. (Mann-Whitney test). Depicted are the mean plus/minus the standard error of the 
meann of the percentage of positive cells. 

IL-4IL-4 promoter polymorphism and coreceptor expression on CD4+ T cells 

IL- 44 in vitro has been shown to influence the expression levels of the two main coreceptors. CCR5 and 

CXCR44 for HIV-1 entry (27,29,30). Therefore we analyzed the expression levels of CCR5 and CXCR4. 

onn CD4+ T-cells and CD4+ memory T-cells of some of the HIV-1 seroconverters. at preseroconversion 

andd at approximately 1 and 5 years after seroconversion by flow cytometry. We observed that carriers of 

thee IL-4 -589T allele had a slightly lower percentage of CCR5-expressing CD4+ T-cells on average 
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(Tablee 3). However this difference was only statistically significant for CD4+ memory T-cells at 1 and 5 

yearss post seroconversion (P=0.01 and P=0.03 respectively). The mean percentage of CXCR4+ CD4+ T-

cellss was not statistically significantly different between the genotypic groups. 

Discussion n 

Thee cytokines have been correlated with the switch from CCR5 using (R5) NSI HIV-1 to X4/ SI HIV-1 

variantss (26). In agreement, a single nucleotide polymorphism in the IL-4 promotor (-589T), which was 

demonstratedd to drive Th2 immunity as reflected by increased IgE levels in serum, has indeed been 

associatedd with an increased frequency of X4 HIV-1 variants (18). In the Amsterdam Cohort of 

homosexuall  men with HIV infection, we were unable to confirm this association. In contrast, we 

observedd a reduced proportion of X4 HIV-1 variants among carriers of the IL-4 -589T promotor allele. 

Strikingly,, all thirteen individuals who had X4 HIV variants already at the moment of entry in the cohort, 

lackedd the -589T allele and had a -589 C/C homozygous genotype (data not shown). In addition, in a 

longitudinall  analysis on the acquisition of X4 HIV-1 variants we observed that the -589T allele in the 

IL- 44 promotor was associated with a delayed emergence of X4 variants. The discrepancy between the 

outcomess of our present study and the study by Nakayama et al. (18) may lie in the fact that the 

Amsterdamm Cohort, which we studied here, only includes homosexual men whereas Nakayama et al 

studiedd a cohort, which also includes hemophiliacs and heterosexual transmission cases. Alternatively 

(orr in addition), it may be related to a difference in the -589T allelic distribution. The frequency of the 

-589TT allele in our cohort was much lower than in the cohort studied by Nakayama et al.. This may be 

duee to ethnic differences as only Caucasian men participate in the Amsterdam Cohort whereas the cohort 

off  Nakayama et al. includes Japanese people. Another explanation would be, that there's a possibility that 

thee IL-4 -589T allele is linked to a yet undefined other allele, which could explain the difference in 

observationss in the two study populations. 

Similarr -589T allelic distribution in the HIV-1 infected homosexual men (participating in the Amsterdam 

Cohortt Study) and our healthy blood donor volunteers implicates the absence of a protective effect on 

transmissionn HIV infection associated with the IL-4 -589T polymorphism. In agreement, Nakayama et 

al.. reported a protective effect only for heterosexual transmission and not for homosexual transmission. 

Basedd on the observation that acquisition of X4 HIV-1 is delayed, a prolonged asymptomatic survival 

associatedd with the -589T allele could have been expected. We observed however no association 

betweenn the IL-4 promotor polymorphism and clinical progression to AIDS or overall survival. We did 

observee a trend towards an accelerated disease progression after the emergence of X4 variants in carriers 

ofof the -589T allele in the IL-4 promotor. It may thus be that only the moment of X4 HIV-1 emergence 

hass shifted. An accelerated disease progression after emergence of X4 HIV-1 is in line with the 

hypothesiss by Nakayama et al. who postulated that the -589T allele could have a protective effect early 

inn HIV-1 infection, by down modulation of CCR5 expression and upregulating CXCR4 expression. After 
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X44 conversion, these differences in expression levels could counter balance and accelerate HIV-1 

diseasee progression. 

AA recent study in the French Seroco cohort however, demonstrated a protective effect of the IL-4 -589T 

allelee for HIV-1 disease progression (19). Unfortunately, no data on the acquisition of X4 variants were 

availablee in this study but it is tempting to speculate that in this Caucasian cohort the acquisition of X4 

HIV- 11 is also reduced. 

Thee underlying mechanism for the delayed X4 conversion rate and the -589T allele as we observed here 

remainss unclear. We did not observe a significant difference in CD4 count at the moment of X4 

conversionn between carriers of the different IL-4 promoter genotypes (data not shown). 

Usingg PBMCof 15 healthy blood donors, no differences between IL-4 -589 allelic groups were observed 

forr intracellular IL-4 after stimulation with PMA and Ionomycin, nor for susceptibility to infection by 

X44 and R5 HIV-1 in vitro or coreceptor levels (data not shown). In HIV- 1 infected individuals of the 

Amsterdamm Cohort, we did observe a trend towards a lower proportion of CD4+ CCR5+ lymphocytes 

associatedd with the presence of the -589T allele in HIV-1 infected individuals, especially in the memory 

CD4++ T-cell subset. Interestingly, a delayed acquisition of X4 was also observed in individuals with a 

A322 heterozygous genotype, which is associated with a reduced CCR5 expression (6,7). 

Inn conclusion, we have shown that the -589T allele is associated with a delayed acquisition of X4 

variantss and does not affect overall disease progression. Although the underlying mechanism remains 

unclear,, this observation in the end may increase our understanding of the mechanisms that influence 

viruss phenotype evolution and AIDS pathogenesis. 
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CX3CR11 polymorphism and HIV infection 

Lackk of evidence for an association between a polymorphism in 

CX3CR11 and the clinical course of HIV infection or virus 

phenotypee evolution 

Summary y 

AA polymorphism in CX3CR1, a coreceptor for some HIV-1 variants, has been associated with a strong 

accelerationn of HIV-1 disease progression. In the Amsterdam Cohort of Homosexual men with HIV and 

AIDS,, we were unable to confirm these findings. In addition, we did not find an effect of this 

polymorphismm on the acquisition of SI/X4 HIV variants. 

Geneticc polymorphisms in chemokine receptors/ HIV coreceptors have been associated with changes in 

thee clinical course of HIV infection (9) (1,2,2,6,10). The strongest and best confirmed polymorphism is a 

322 base pair deletion in the CCR5 gene which has been associated with protection from HIV infection 

andd delayed diseasse progression. Recently, Faure et al. reported that allele M280 of the chemokine 

receptorr CX3CR1 is associated with increased risk for HIV infection and an accelerated clinical course 

afterr infection (3). In three French cohort studies (seroconverter cohort, SEROCO; standard progressor 

cohortt (IMMUNOCO) and a long term asymptomatic cohort (AIT) , these authors showed a significantly 

increasedd relative risk for AIDS associated with M280 homozygosity. Here we report the absence of this 

associationn in the Amsterdam Cohort of Homosexual Men with HIV (ACH). 

Allelee M280 has two non-synonymous single nucleotide polymorphisms (SNPs), causing substitution of 

isoleucinee (I) for valine (V) at codon 249 and methionine (M) for threonine (T) at codon 280. By 

combiningg these SNPs, three different alleles can be formed. V249 M280 has never been observed and is 

thereforee considered to be in complete linkage disequilibrium. This allel is refered to as M280. The ACH 

hass been described before (1). Analysis of the CX3CR1 genotype was performed as described by Faure 

ett al (3). 

Withinn the ACH. the distribution of CX3CR1 280 genotypes was not different from previously reported 

distributionss (T/T280, 70.5% (n=241); T/M280, 27.5% (n=94); M/M280, 2% (n=7) (3). Due to the very 

loww frequency of M/M280 homozygotes, we decided to combine the M/M280 group with the T/M280 

forr further analysis and refer to these groups as M280 allele carriers. 

Usingg a Cox proportional hazards model, progression rates to AIDS and death were not significantly 

differentt for M280 allele carriers and T280 homozygotes (Relative Risk (RR) for AIDS: 0.955 

[Confidencee Interval (CI): 0.701-1.303; p=0.77]; RR for death: 0.978 [CI: 0.703-1.362; p=0.896]. There 

wass also no increased risk for the development of SI/X4 variants (RR 1.196 [CI: 0.753-1.899; p-0.448]. 
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Inn Kaplan-meier analysis for determining the probability of survival without AIDS-1987, the clinical 

coursee of HIV infection in the absence or presence of the M280 allele was not different (Figure la, 

p=0.773).. Using death as an end point in Kaplan-meier analysis also did not reveal an influence of the 

M2800 allele on the clinical course of infection (Figure lb, p=0.896). 

Finally,, we analyzed whether the acquisition of X4 HIV-1 variants was influenced by the M280 allele. 

Thiss Kaplan-meier analyses, in which SI conversion as determined by the capacity of patient's HIV-1 

variantss to replicate in the MT2 cell line, was used as an end point also did not reveal any differences 

betweenn carriers of the M280 allele and T/T280 homozygotes (Fig. lc, p=0.448). 

Ourr results contradict the observations by Faure et al in the French cohorts but are in agreement with 

observationss in several North American cohorts (5). 

Ass discussed previously (5), the discrepancy in results could be due to differences in cohort composition. 

Knownn differences include gender and HIV risk category. Indeed, the NA cohorts as well as ACH are 

entirelyy male, whereas 22% of the participants in the SEROCO cohort are women. With respect to HIV 

riskk category, there are only homosexual men in ACH as compared to heterosexuals and intravenous 

drugg users in SEROCO. 

Forr most chemokine and chemokine receptor polymorphisms different influences on the clinical course 

off  HIV infection have been observed in different cohorts (2,7-9,11,12). To conclude that genetic 

polymorphismss influence the clinical course of infection in general, meta-analysis studies are definitely 

requiredd (4). Although the observations in the NA cohorts, the French cohorts and the ACH do not 

supportt a clear role for CX3CR1 in AIDS pathogenesis, the underlying mechanism for these 

discrepanciess remains interesting. 
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p-chemokinee neutralization sensitivity of R5 HIV- 1 

Decreasingg sensitivity to p-chemokine neutralization of CCR5-using, 

Non-Syncytiumm Inducing virus variants in the course of Human 

Immunodeficiencyy Virus type 1 infection 

Abstract t 

Inn about half of HIV- 1 infected individuals progression to AIDS is preceded by the development of 

CXCR4-using,, syncytium inducing (SI) variants. The development of CXCR4-using (X4) virus variants 

iss associated with a faster disease progression, while non-progression is associated with the presence of 

onlyy CCR5-using (R5), non-syncytium inducing (NSI) virus variants. However, individuals with only R5 

viruss variants may also show a fast progression to AIDS. The basis for differences in disease progression 

betweenn individuals with only R5 virus variants is not yet fully understood. 

Wee studied the P-chemokine sensitivity of biological HIV-1 clones isolated from 14 individuals who 

harboredd only R5, NSI virus variants. We found a decreasing sensitivity of virus variants for fS-

chemokinee sensitivity in the course of infection, this decrease was statistically significant for individuals 

whoo progressed to AIDS during follow up but not for long term non-progressors (LTNPs). Furthermore, 

wee found that biological virus clones from progressors were less sensitive to fS-chemokine neutralization 

thann biological virus clones from LTNPs. Our data suggest a role for pVchemokine neutralization 

sensitivityy of HIV-1 in AIDS pathogenesis. 

Introductio n n 

Inn addition to CD4. a coreceptor is necessary for entry of human immunodeficiency virus type 1 (HIV -

1).. The two major coreceptors for HIV-1 are CCR5 and CXCR4 (1,8). Generally, HIV-1 infection is 

establishedd by macrophagetropic, CCR5-using (R5), non-syncytium inducing (NSI) variants. In about 

halff  of infected individuals progression to AIDS is preceded by the development of CXCR4-using (X4), 

syncytiumm inducing (SI) HIV-1 variants (16). This expanded coreceptor usage, however, is no 

prerequisitee for disease progression (7,10), as many infected individuals progress to AIDS in the 

presencee of only R5, NSI variants (12,16,28). Even though long term non-progressive HIV-1 infection is 

associatedd with the presence of only R5 variants (3,14), some people with only R5 HIV-1 variants 

progresss to AIDS rapidly. It was found that these R5. NSI rapid progressors had a higher viral load in 

vivoo and their viruses showed a higher replication rate in vitro as compared to long term non-progressors 

(LTNPs)) (2). 

Sincee the pVchemokines RANTES. MlP- l a and MIP-1[3 downregulate CCR5 expression and reduce 

HIV-11 CCR5 usage (4,17,24), one might assume a role for fi-chemokines in AIDS pathogenesis and in 
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vivoo evolution of HIV-1. In HIV-1 infected individuals it is found that the expression of fj-ehemokines is 

stronglyy enhanced in the lymph nodes (27). Furthermore. CD4 positive cells from exposed uninfected 

individualss showed a high level of P-chetnokine production as compared to healthy controls (21,22) and 

P-chemokinee production in HIV-positive individuals without AIDS was found to be higher than in 

individualss who have progressed to AIDS (9). Moreover, in non-progressors both CD8+ cells and CD4+ 

cellss were found to produce P-chemokines. while in AIDS patients only the CD8+ cells did (25). These 

resultss suggest that a high p-chemokine production of CD4+ cells might confer protection from HIV-1 

infection,, and from progression to AIDS. 

Wee hypothesized that apart from the level of p-chemokine production in the host, also the sensitivity of 

thee virus to P-chemokine neutralization might influence disease progression. If p-chemokines exert a 

selectivee pressure in vivo favoring the emergence of variants that are insensitive to their control, one 

mightt consider SI variants as escape variants. A decrease in sensitivity of the virus to these p-

chemokiness during progression to AIDS may also occur in individuals who do not develop SI variants. 

Therefore,, we compared primary R5 HIV-1 variants, isolated at a relatively early and late moment in 

infectionn from progressors and LTNPs for their sensitivity to P-chemokine neutralization. 

Material ss and methods 

Subjects Subjects 

Biologicall  virus clones from fourteen participants of the Amsterdam Cohort Studies on AIDS in 

Homosexuall  men were analyzed. Seven of these individuals are classified as long term non-progressors 

(LTNP):: ACH 16, 68, 78. 337, 434. 441 and 583. They remained asymptomatic for at least 10 years 

(meann follow up: 143 months after seroconversion; range: 124-152 months) with stable CD4+ T cell 

countss (>400/mm ) in the absence of antiretroviral therapy. Four individuals were classified as rapid 

progressors:: ACH 53, 172, 424 and 638 (AIDS diagnosis at 25-76 months after seroconversion or entry 

inn the cohort studies), three are typical progressors: ACH 19, 38 and 142 (AIDS diagnosis at 99-109 

monthss after seroconversion or entry in the cohort studies) and one is classified as a slow progressor: 

ACHH 617 (AIDS diagnosis at 136 months after entry in the cohort studies, after a 10-year period of 

stablee CD4+ T cell counts). All these individuals harbored only NSI HIV-1 variants (7). Individuals ACH 

53,, 68, 142, 424 , 441 and 583 had wild type CCR5 and CCR2 alleles. ACH 16, 38, 78,172, 337, 434, 

6177 and 638 were heterozygous for a 32 bp deletion in CCR5. ACH 337 in addition was heterozygous 

forr the 64 I mutation in CCR2. Analysis of CD4+ T cell counts, quantification of HIV- 1 RNA in serum, 

andd CCR5 and CCR2b genotyping of the individuals were performed previously (7). In Figure 1, 

longitudinall  data on CD4+ T cell counts and virus load are shown. In Table 1, CCR5 and CCR2 

genotypee as well as diagnosis at the end of follow-up is given for each individual. 
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VirusVirus isolation, SI phenotyping and characterization of coreceptor usage 

Biologicall  virus clones were previously isolated from patient PBMC samples from at least two time 

pointss for each patient (7). One time point was chosen early after seroconversion (mean. 21 and 22 

monthss for LTNPs and progressors respectively) and the other as late as possible after seroconversion for 

LTNPss (mean, 113 months) or around the time of AIDS diagnosis for progressors (mean, 74 months 

afterr seroconversion). From each time point at least two biological virus clones were tested for their 

sensitivityy to neutralization by P-chemokines. 

SII  phenotyping was performed previously on the MT2 cell line and characterization of coreceptor usage 

wass performed previously on astroglioma cell lines stable transfected with CD4 and CCR3 or CXCR4 or 

CCR55 and CCR5 A32 homozygous PBMCs (7). 

Celll  free virus stocks were grown on PHA-stimulated donor PBMC, and preserved at -70°C. 

(3-Chemokine(3-Chemokine neutralization assay 

PBMCC from ten uninfected. CCR5 A32 wild type, healthy blood donors were isolated, pooled and 

cryopreserved.. Al l experiments, including titration of viral stocks, were performed on this stock of 

cryopreserved,, healthy donor PBMC mixture to eliminate possible variations caused by differences in 

infectabilityofPBMC. . 

Neutralizationn assays were performed as follows. Pooled donor PBMC, stimulated for three days with 

phytohemaglutininn (PHA). were depleted for CD8+ cells using magnetic beads (MACS Miltenyi Biotec, 

Bergischh Gladbach, Germany; according to manufacturers protocol), and then pre-incubated for three 

hourss at 37°C with 2-fold serial dilutions of RANTES, MlPl-a, MIPl-p (PeproTech Inc., Rocky Hill , 

NJ,, USA) or a 1:1:1 mixture of these three with the same total concentration (Mix) (concentrations used 

weree 8, 16, 32, 63, 125 and 250 ng/ml). Kf cells per well were then inoculated in 96-well plates with 20 

TCIDsoo of a virus isolate, endvolume of 200 ul per well, and incubated over night at 37°C. Supernatant 

wass removed and cells were resuspended in fresh medium with appropriate P-chemokine concentrations. 

P244 production was detected from supernatant samples taken at days 7, 10 and 14 after infection using 

ann in-house P24 antigen capture enzyme-linked immunosorbent assay (EL1SA) (29). P24 antigen levels 

fromm cultures inoculated in the absence of p-chemokines were designated as maximum virus production 

andd the ratios of P24 production in P-chemokine-containing cultures were calculated relative to these 

maximumm values. Supernatant from cells that were not incubated with either P-chemokines or virus was 

usedd for background values of the p24 ELISA. Al l measurements were performed in triplicate. 

DeterminationDetermination of 50% and 90c/c inhibitory concentration and statistical analysis 

Thee p-chemokine concentrations causing 50% and 9i)c/c reduction in p24 antigen production {IQ™ and 

IC*,)) 14 days after infection were determined by a four-parametric logistic analysis (20). If the 
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appropriatee degree of inhibition was not achieved at the highest (i-chemokine concentration, a value 

"higherr than' (>) was recorded and we assumed these as being equal to 250 ng/ml in figures and 

statisticall  tests. 

Mann-Whitneyy U test was used to compare unpaired groups. Wilcoxon signed-ranks test was used to 

comparee IC50 and IC90 values per individual over time. Statistical analysis were performed using SPSS 

(releasee 10.0, SPSS Inc. Chicago, Illinois, USA). 

Results s 

Biologicall  HIV-1 clones from fourteen individuals, seven LTNPs and seven progressors, with only R5. 

NSII  virus variants (7) were tested for their (3-chemokine neutralization sensitivity. Biological virus 

cloness from at least two time points during the course of infection of each individual were analyzed, the 

firstt relatively early and the other relatively late after the moment of seroconversion for LTNPs or 

aroundd the time of AIDS diagnosis for the progressors. Figure 1 depicts the moments of clonal virus 

isolationn and AIDS diagnosis (if applicable), as well as longitudinal data on CD4 T cell counts and HIV 

RNAA load for the individuals. 

Forr each biological virus clone tested, the 507c and 90% inhibitory concentration values (IC50 and IC90) 

off  the p-chemokines at day 14 after inoculation were determined using a four-parametric logistic model. 

Inn Table 1 and 2 the mean IC50 values of the biological virus clones of each time point of each individual 

aree given for RANTES, MIP-loc, MIP-ip and a 1:1:1 mixture of these three p-chemokines (Mix) , 

respectivelyy for LNTP individuals and progressors. Also, the minimum and maximum IC50 values found 

att each time point are given. From two individuals (434 and 172) we tested virus isolates from time 

pointss less than six months apart, in these cases the average ICW values of the isolates from those time 

pointss together is depicted in Table 1 and Table 2 respectively. If a determined inhibitory concentration 

wass above 250 ng/ml (the highest concentration used), we used IC values of 250 ng/ml in figures and 

statisticall  tests. Table 1 and 2 also show the CCR5 and CCR2b genotype of the individuals, the diagnosis 

att the end of follow-up, the RNA serum load and CD4 positive T cell numbers at the respective time 

pointss (7). 

RANTESS was the most potent inhibitor of replication of primary CCR5-using, NSI HIV-1 isolates, then 

thee MIX , then MlP- la. MIP-ip hardly inhibited the replication of any of the viruses not even at the 

highestt concentration used (250 ng/ml) (see figure 2 and Table 1 and 2). In all figures only IC50 

RANTESS values are shown. 

ChangingChanging [5-chemokine neutralization sensitivity of HIV-1 isolates in course of infection 

Inn figure 3 the mean RANTES ICS0 values for the different biological virus clones of each individual 

fromm the early and late time points are depicted. We found a significant increase of ICM) and ICyi) values 
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Figuree 1 
Longitudinall  analysis of CD4+ T cell counts and virus load of long term non-progressors (LTNPs) (a) 
andd progressor (b). Patient numbers are indicated in the upper left corner of each graph. CD4+ T cell 
numberss are indicated by triangles (left y-axis) and viral RNA load by open circles (right Y-axis). Filled 
arrowheadss on the x-axis indicate time points of clonal isolation of HIV-1 variants that were analyzed 
forr B-chemokine neutralization sensitivity. Open arrowheads indicate the time point of AIDS diagnosis. 
Figuree is adapted from (7). Individuals 38, 53, 68, 78, 142, 337, 441, 583, 617 and 638 were seropositive 
forr HIV antibodies at entry in the cohort studies, individuals 16, 172, 434, and 424 seroconverted for 
HIVV antibodies during follow-up in the cohort studies. 
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forr RANTES and Mix over time (figure 3a), indicating a significant decrease in sensitivity of HIV-1 for 

p-chemokinee neutralization (IC50 RANTES p=0.009. ICy0 RANTES p=().016, IC,„  Mix p=0.048 and IG*, 

Mixp=0.022). . 

Interestingly,, the decrease in RANTES neutralization sensitivity over time was only statistically 

significantt for the HIV-1 biological clones isolated from the progressors and not for the HIV-1 biological 

cloness from LTNPs (difference IC50 RANTES: p=0.025. figure 3b). Indeed, from four of the seven 

progressorss at least one biological HIV-1 clone from the late time point was very insensitive to [3-

chemokinee neutralization, whereas biological virus clones from one LTNP individual even showed 

increasingg P-chemokine neutralization sensitivity over time (see Table I. individual 434), 

Thee time lapse between the early and late time points was longer for the LTNPs than the progressors (see 

Tablee 1 and 2, p=0.047). There was no difference in the moment of the early time point (mean, 21 and 

222 months after seroconversion for LTNPs and progressors respectively), but the late time point was 

takenn longer after seroconversion for the LTNPs than the progressors (mean, 1 13 and 74 months after 

seroconversionn for LTNPs and progressors respectively: p=0.035). Indicating that the larger decrease in 

p-chemokinee neutralization sensitivity over time of biological virus clones isolated from the progressors 

iss not explained by a longer timespan between the early and late time point or by isolation on a moment 

longerr after seroconversion. 

Inn figure 3c the average early and late IC5„  RANTES values of LTNPs and progressors are depicted on a 

timee scale (months after seroconversion). The slope between the early and late time point of each 

individuall  now gives a measure of the change in sensitivity over time for each infected individual. We 

assumedd that this slope is representative for the change in sensitivity of virus variants of each individual. 

Comparingg the increase in mean IC,0 values over time confirmed that the biological virus clones from 

progressorss showed a significantly larger decrease in sensitivity over time than HIV-1 isolates from 

LTNPss (p=0.01 8 and p=0.026 respectively for IC?0 RANTES and Mix) . 

Inn figure 4 the mean IC?0 values of the early time point and late time point were compared between 

LTNPss and Progressors. On average, the biological HIV-1 clones of the progressors were more resistant 

too P-chemokine neutralization than the biological HIV-1 clones of LTNPs. both when the mean values of 

thee early time point and the late time point were compared (e.g. mean values of isolates from progressors 

vs.. LTNPs: 46.7 vs. 17.0 ng/ml for IC5Ü RANTES early; 95.1 vs. 23.3 ng/ml for IC5() RANTES late). 

However,, this difference between P-chemokine neutralization sensitivity of biological virus clones of 

progressorss and LTNPs was only significant for the biological HIV-1 clones isolated at the late time 

pointt (figure 4b: p=0.048 for IC„ , RANTES and p=0.018 for IC90 RANTES). 
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Figuree 2 
Potencyy of inhibition of replication 
byy (3-chemokines. IC50 values of 
alll  individual viruses are given 
(circles)) and the average of all 
virusess for each b-chemokine 
(dottedd lines). Mix. a 1:1:1 mixture 
off  the three P-chemokines. 
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Figuree 3 
Decreasee in RANTES neutralization sensitivity over time for LTNP individuals (open circles) and 
progressorss (closed circles). Depicted are the mean ICM RANTES values per time point of all 14 
individualss (a), separated for LTNP individuals and progressors (b) and of all 14 individuals on a time 
scalee in months after seroconversion (c). The early and late time points of each patient were linked. * 
p<0.05. . 
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Figuree 4 
Differencee in RANTES neutralization sensitivity between LTNP individuals and progressors (Pr). 
Depictedd are the mean IC50 RANTES values per time point of each patient, early and late time points 
togetherr (a) and separated for early and late time points (b). * p<0.05. 

P-chemokineP-chemokine neutralization sensitivity, CD4 count and plasma virus load 

Too determine if p-chemokine neutralization sensitivity of biological virus clones is related to the 

individual'ss CD4 count or plasma virus load, we determined the median CD4 count (650 cells/ul) and 

viruss load (4.0 log copies/ml) at the early and late time points of all patients. CD4 counts and viral load 

valuess were classified as 'high' or 'low' relative to the median. For the HIV-1 biological clones of time 

pointss with relatively high CD4 T cell numbers (n=13) we found significantly lower P-chemokine IC 

valuess than for the HIV-1 clones from time points with low CD4 T cell numbers (n=14) (figure 5a; 

p=0.0522 for IC50 RANTES; p=0.015 for IC90 RANTES; p=0.029 for IC,„, Mix; p=0.013 for IC50 MlP-la; 

p=0.0355 for IC90 Mip-la). In other words, a low CD4 T cell count was associated with a low HIV-1 P-

chemokinee neutralization sensitivity. 

HIV-11 biological clones from time points with relatively high plasma virus load (n=14) had significantly 

higherr p-chemokine IC values than virus clones from time points with a relatively low plasma virus load 

(n=14)) (figure 5b; p=0.015 for IC50 RANTES; p=0.022 for IC5(1 Mix; p=0.043 for IC90 Mix). A high 

plasmaa virus load was thus associated with a low p-chemokine neutralization sensitivity. 

Thesee trends are also observed for both the CD4 count and the plasma virus load if the data of the early 

andd late time point are separated. However, the observed difference between groups with relatively high 

andd low values is not statistically significant if the data of the early and late time point are separated, 

possiblyy due to small data amount (data not shown). 
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Figuree 5 
Associationn between RANTES neutralization sensitivity of biological virus clones and CD4+ T eel 
countt (a) and plasma virus RNA load (b) at the moment of virus isolation. * p<0.05. 

Discussion n 

Wee here demonstrate a decreasing sensitivity to fj-chemokine neutralization of primary H1V-1 variants 

inn the course of infection. As the individuals studied here harbored solely NSI, CCR5-restricted virus 

variants,, this decrease in sensitivity to P-chemokines does not reflect a change in coreceptor usage. 

Ourr results confirm the finding that RANTES is the most potent pS-chemokine in inhibiting the 

replicationn of CCR5-using HIV-1 variants (15.26,31). Furthermore, we found that MlP-la was a more 

efficientt inhibitor of replication of primary R5 virus isolates than MIP-ip (figure 2). which is in 

accordancee with some (1,15,19) but not all previous studies (4,26,31). An explanation for this 

discrepancyy might be that we depleted PBMCs for CD8 positive cells before testing the P-chemokine 

sensitivityy of HIV-1 variants. Since primary CD8+ T cells secrete more MIP-ip than MlP-la (4), the 

presencee of CD8+ cells in the culture may increase the basal level of MIP-ip, explaining the lower 

amountt of additional MIP-ip needed for efficient inhibition of HIV-1 replication. 

AA 1:1:1 mixture of the three P-chemokines showed more potent inhibition than MIP-1 a or MIP-1 p, but 

nott as potent as equal total concentrations of RANTES alone. This implicates the absence of a 

synergisticc action of the three chemokines. 
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Ourr hypothesis was that p-chemokines give a selective pressure in vivo, favoring the emergence of 

variantss that are insensitive to their control. Others have shown a decreasing P-chemokine neutralization 

sensitivityy over time due to the appearance of X4 HIV-1 variants (11,26). We here show that a decrease 

inn sensitivity to P-chemokine neutralization during the course of infection is also found if no X4 variants 

orr variants with other coreceptor usage than CCR5 emerge. One could argue that this decreasing 

sensitivityy reflects the increasing replicative capacity as we and others previously demonstrated for late 

stagee R5 HIV-1 isolates. However, a correlation between virus replication efficiency and sensitivity to p-

chemokiness has already been excluded (31). 

Janssonn and colleagues (10,11) already showed that R5 virus variants with a decreased sensitivity to 

RANTESS inhibition may evolve during AIDS progression. Here, we observed a decrease in P-

chemokinee neutralization sensitivity during follow-up and found that virus isolates from individuals with 

progressivee disease showed a significantly larger decrease in neutralization sensitivity than isolates from 

LTNPP individuals. This could not be explained by a longer time span between the early and late time 

point,, or by virus isolation on a time point later after seroconversion. On the contrary, the LTNPs had a 

significantlyy longer time span between the early and late time point, and the late time point was taken 

significantlyy longer after seroconversion for the LTNPs. These data suggest an association between P-

chemokinee neutralization sensitivity of the HIV-1 variants present in the infected individual and rate of 

diseasee progression. 

Bothh a high plasma HIV-1 RNA load and a low CD4 count were associated with a low p-chemokine 

neutralizationn sensitivity, again suggesting that p-chemokine neutralization sensitivity might be 

associatedd with disease progression. 

Thesee phenomena might reflect mutual signs of disease progression or possibly influence each other. A 

highh level of immune activation, might give rise to a high P-chemokine production, which would give a 

highh selective pressure on the evolution of HIV-1 variants that are insensitive to the inhibitory effects of 

P-chemokiness on virus replication. 

Presumingg that the level of P-chemokine production influences the evolution of p-chemokine 

neutralizationn sensitivity, one could reason that individuals with a high decrease in P-chemokine 

sensitivityy produce more p-chemokines than individuals without a decrease in p-chemokine sensitivity. 

Ourr observation that HIV- 1 variants isolated from CCR5 A32/wt individuals, overall, show more 

resistancee to P-chemokine neutralization than isolates from individuals without this deletion (data not 

shown),, is indeed interesting in this respect, since heterozygosity for the CCR5 A32 genotype has been 

reportedd to be associated with higher P-chemokine production levels (23). On the other hand, high P-

chemokinee production levels have been associated with slow disease progression (5,23), which argues 

againstt the idea that high P-chemokine levels would give rise to a higher selection pressure for variants 

insensitivee to the inhibitory effects of p-chemokines since we did not find these variants in our LTNP 
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individuals.. Therefor, the insensitivity to fi-chemokines found in progressors might just be a 

consequencee of more rapid evolution due to high replication rate in vivo as reflected by high plasma 

viruss levels, in stead of a difference in selective pressure between individuals due to fj-chemokine 

productionn levels. 

Otherss have found comparable results using anti-CCR5 monoclonal antibody 2D7 and cloned envelope 

sequencess from virus variants from individual ACH 142 (13,18). One might argue that these and our 

resultss point towards a more efficient CCR5 usage of late isolates as compared to early isolates from one 

donor.. However, we did not address CCR5 affinity directly and other mechanisms that could explain the 

decreasedd sensitivity to p-chemokines of late primary isolates cannot be excluded. 

Thesee results may have implications for the use of CCR5 antagonists as therapeutic agents. In vitro 

passagee of an R5 primary isolate in the presence of AD101, a small molecule CCR5 antagonist, resulted 

inn selection for resistance to the antagonist and partial resistance to RANTES (30). This did not involve a 

changee of coreceptor usage. Selection for X4 variants would be undesirable, since the emergence of X4 

variantss is associated with faster disease progression (6,16). However, our results here suggest that the 

emergencee of variants insensitive to RANTES neutralization would also be undesirable. If the in vivo 

admissionn of CCR5 antagonists would accelerate the evolutionary selection of variants insensitive to 

neutralizationn by p-chemokines, the therapeutic use of CCR5 antagonists should be carefully considered. 
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Cytopathicityy of R5 HIV- 1 in P B MC 

Increasedd in-vitro Cytopathicity of CCR5 restricted Human 

Immunodeficiencyy Virus type 1 primary isolates correlates with a 

progressivee clinical course of infection 

Abstract t 

Thee presence of only non-syneytium-inducing CCR5 restricted (R5/NSI) human immunodeficiency virus 

typee 1 (HIV- 1) in an infected individual has been associated with long term asymptomatic survival. 

However,, the majority of R5/NSI HIV-1 infected individuals do progress to AIDS. Here we compared 

thee replicative capacity and cytopathicity of R5/NSI HIV-1 variants that were isolated early and late in 

thee clinical course of long term asymptomatic or progressive HIV-1 infection. R5/NSI HIV-1 

cytopathicityy in vitro directly correlated with in vitro replication. HIV-1 variants obtained early and late 

duringg long term asymptomatic HIV infection from the same individual were equally cytopathic. In 

contrast.. HIV-1 variants obtained during late stage progressive HIV infection were more cytopathic than 

virusess obtained early in infection from the same individuals. Cytopathicity was mainly restricted to the 

CD45RO+CD4++ cell fraction, which corresponds to the predominant expression of CCR5 on this T cell 

subset.. Our data indicate that the cytopathicity of HIV-1 variants may increase with progression to 

disease. . 

Introductio n n 

Thee asymptomatic phase of infection with human immunodeficiency virus type 1 (HIV-1) is dominated 

byy macrophage-tropic non-syncytium-inducing (NSI) HIV-1 variants that use CD4 and chemokine 

receptorr CCR5 for entry in their target cells (1,9,13,14,26). In fift y percent of HIV-1 infected 

individuals,, disease progression is associated with the emergence of syncytium-inducing (SI) HIV-1 

variantss (15,18) which at least use chemokine receptor CXCR4 in addition to CD4 as entry receptor 

(8,10,18,28).. SI conversion is followed by a more rapid CD4 cell decline and an accelerated progression 

too AIDS (10,11,18). Naive CD4+ T cells express high levels of CXCR4 and low levels of CCR5 and are 

targetss for SI HIV-1 in vivo (6,22). Infection and death of naive CD4+ T cells may directly interfere with 

TT cell renewal and maintenance of the T-cell pool (6). In addition, as compared to CCR5, CXCR4 is 

moree broadly expressed on memory T cells (7,30), providing SI HIV-1 variants with a much larger target 

celll  population than R5/NSI HIV variants. A rapid loss of memory and naive CXCR4+ CD4+ T cells in 

variouss cell systems in vitro has indeed been observed after inoculation with X4/SI HIV-1 but not 

R5/NSII  HIV-1 (3.16.21). 
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However,, the majority of individuals who never develop X4/SI HIV-1 variants do progress to AIDS, 

somee of them even rapidly (5,18.31). We previously demonstrated that NSI HIV-1 variants isolated from 

individualss with a progressive disease course are more rapidly replicating in vitro and associated with a 

higherr viral load in vivo as compared to NSI HIV- 1 from asymptomatic individuals (5). In the present 

studyy we analysed in a system of phytohemagglutinin stimulated peripheral blood mononuclear cells 

(PHA-PBMC)) the in vitro cytopathic properties of R5/NSI HIV-1 variants that were obtained early and 

latee in infection from long term asymptomatic individuals and from individuals with a progressive 

diseasee course. 

Material ss and Methods 

CellsCells and viruses 

Peripherall  blood mononuclear cells (PBMC) from buffy-coats of 10 healthy blood donors selected for 

absencee of the CCR5 A32 allele, were isolated using Ficoll-Hypaque density centrifugation. After 

isolation,, cells were pooled and stored in liquid nitrogen until further use. 

Virall  isolates from fourteen participants of the Amsterdam Cohort Studies, were obtained by coculture of 

limitin gg diluted patient PBMC with phytohemagglutinin (PHA) stimulated healthy donor PBMC. These 

fourteenn participants were described previously and never had detectable SI variants (12). Seven of them 

weree classified as long term asymptomatic (LTA) and seven were classified as progressors. The LTA 

(ACHH 16. 68, 78. 337, 434, 441 and 583) had an asymptomatic follow up time of at least 9 years (mean 

followw up: 143 months after seroconversion; range: 124-152 months) with stable CD4+ T-cell counts 

(>400/mm3)) in the absence of antiretroviral therapy. In the progressor group four individuals (ACH 53, 

172.. 424 and 638) progressed very rapidly to AIDS (AIDS diagnosis at 25-76 months after 

seroconversion),, three individuals (ACH 19. 38 and 142) were classified as typical progressors (AIDS 

diagnosiss at 99-109 months after seroconversion) and one individual (ACH 617) was classified as a slow 

progressorr (AIDS diagnosis at 136 months after seroconversion after 10-year period with stable CD4+ T 

celll  counts). 

Fromm each individual, two viral isolates were obtained: one at a relatively early time point in the course 

off  infection (mean: 21 and 18 months after seroconversion, for LTA and progressors respectively) and 

onee at a relative late time point in the course of HIV-1 infection. For LTA this time point was taken as 

latee as possible (mean= 113 months after seroconversion) and for progressors the late time point was 

closee to AIDS diagnosis (mean= 75 months after seroconversion). 

Virall  isolates were screened previously for coreceptor usage using the U87 astroglioma cell lines stable 

transfectedd with CD4 and CCR3, CXCR4 or CCR5, and PBMC homozygous for CCR5 • 32 (12). SI 

phenotypee was determined by coculture of infected PBMC with the MT2 cell line (19). 

Virall stocks were grown on PBMC, which were cultured for 2 to 3 days in IMDM supplemented with 

phytohemagglutinn (PHA, 1 |ig/ml), 10% foetal calf serum (FCS), penicillin (100 U/ml) and streptomycin 
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(1000 fig/ml)[P/S| prior to inoculation. After inoculation, PBMC were cultured in the same medium 

withoutt PHA but with recombinant Interleukin-2 (rIL-2. 20 U/ml, Proleukin, Chiron Benelux BV, 

Amsterdam.. The Netherlands). Cell free supernatant with HIV was preserved at -70°C. 

Forr mock infections, we collected and pooled the supernatant of uninfected PBMC cultures. 

Determinationn of virus titers in stock preparations (tissue culture infectious dose (TCID50)) was 

performedd on PHA-PBMC, which were depleted for CD8 cells using the MACS system (Miltenyi 

Biotec.. Bergisch Gladbach, Germany) according to manufacturer's instructions. In brief, stimulated cells 

weree washed in MACS buffer (phosphate buffered saline (PBS) supplemented with 2 niM EDTA and 

0.5%% bovine serum albumin (BSA)) and incubated with microbeads labeled with CD8 directed 

antibodies,, at 4"C for 15 minutes at a concentration of 20 jil per 107 cells.. Thereafter cells were run over 

aa LS+ separation column attached to MidiMACS magnet. The fraction depleted for CD8+ cells was 

collected,, washed once in IMDM medium and resuspended to a cell concentration of 106 cells/ml in 

IMDMM medium supplemented with r!L2 (20 U/ml), polybrene (5 fig/ml), 10% FCS and P/S. 

Titerr of the stocks (TCID50) was determined on CD8-depleted PBMC from the same cell pool as the one 

usedd for further experiments. 

ReplicationReplication kinetics and cytopathicity 

Inoculationn of 6 x 106 CD8-depleted PHA-PBL with 2500 TCID50 of each virus clone was performed in 

aa 15 ml tube in a total volume of I ml for 2.5 hours at 37"C. Cells were subsequently washed with 

IMDMM and cultured in 25 ml culture flasks at 37"C in rIL2 supplemented medium for 14 days. At several 

timee points, cells were harvested and washed for FACS analysis. 

CD4++ Lymphocytes were gated on the basis of their forward and sideward scatter and by cell surface 

expressionn of CD4 (and CD3). Cytopathicity was determined by comparing gated CD4+ lymphocytes as 

percentagee of total cells in the HIV-1 inoculated culture, relative to the gated CD4+ lymphocytes as 

percentagee of total cells in the mock infected control culture (21). 

Att several time points culture supernatant was harvested for analysis of P24 production by an in-house 

p244 antigen-capture ELISA. 

FlowFlow cytometry 

Mockk infected cells and cells inoculated with virus were analyzed after staining for cell surface markers 

onn consecutive time points on a FACScalibur (Becton Dickinson, San Jose, CA). For each analysis 

approximatelyy 0.3 x 10f> cells were taken from the cultures and washed with PBS containing 0.5% BSA. 

Thee following fluorochrome labeled antibodies were used: Anti-CCR5-FITC, clone 2D7 (Pharmingen. 

Sann Diego, CA); Anti-CXCR4-PE, clone 12G5 (Pharmingen); Anti-CD4-PerCP, (Becton Dickinson); 

Anti-CD3-APC.. (Caltag, Burlingame. CA); Anti-CD27-Biotine. (CLB. Amsterdam, The Netherlands); 
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streptavidine-PE,, (Molecular Probes. Eugene. OR); Anti-CD45RO-APC. (Pharmingen). Cells were 

incubatedd at 4"C for 20 min, after which cells were washed twice in PBS containing 0 .5^ BSA and 

fixatedd in cellfix (Becton Dickinson). 

Statistics Statistics 

Thee data used for statistical analyses were obtained at day 7 after inoculation (by that time all the viruses 

hadd replicated substantially and no plateau was reached for cell killing). All statistical analysis were 

performedd with non-parametric tests using SPSS version 10.0 (SPSS Inc.. Chicago. IL). Mann-Whitney 

U-testt was used for comparison of unpaired samples. For comparison of longitudinal paired samples the 

Wilcoxon-signedd rank test was used. The Spearman's correlation coefficient was used for determination 

off correlations between studied parameters. 

Results s 

VirusVirus production in vitro in PHA-PBMC by R5 HIV-1 biological clones correlates with cytotoxicity 

PHAA stimulated PBMC were cell-free inoculated with HIV-1 biological clones that were isolated at 

relativelyy early and late time points in the course of infection from 14 HIV-infected individuals who 

neverr developed X4/SI HIV-1 variants. Seven individuals were classified as long term asymptomatic 

(LTA),, based on more than 9 years of asymptomatic follow-up with stable CD4 counts and a CD4 count 

abovee 400/u.l in the 9,h year of follow-up. The other 7 individuals progressed to AIDS {Table 1). To 

investigatee whether cytotoxicity of R5 viral isolates was related to the level of virus production, we 

correlatedd the cumulative viral production in the supernatant of inoculated PBMC cultures with the 

depletionn of CD4+ T lymphocytes in the same cell cultures as measured by flow cytometry. We indeed 

observedd that a higher virus production correlated with a stronger CD4+ T cell depletion at day 7 after 

inoculationn for all early viral isolates from LTA and Progressors (rs=-0.66. P=0.011). For the viral 

isolatess that were obtained relatively late in the course of infection, this correlation was not significant 

althoughh the same trend could be observed (r„=-0.42, P—0.131) (data not shown). The correlation 

betweenn virus production and cytotoxicity was stronger for virus isolates from progressors than from 

LTA.. (progressors; early time point virus isolates. rs--0.86|P=0.014], late time point virus isolates. rs=-

0.82[P=0.023];; LTA: early time point viruses: rs=-0.57[P=0.180], late time point virus isolates: rs=-

0.46[P=0.294|| (Fig. la and Fig. lb)). However the coefficients of both graphs were not significantly 

differentt from each other (P=0.195, for early time point; P=0.389, for late time point). 

Thee kinetics of virus replication, analysed as cumulative P24 antigen production in the supernatant over 

timee were on average almost similar for early and late obtained LTA and Progressor viral isolates (Fig. 

2). . 
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LTAA R5 HIV-1 from : 

earlyy time point 

c c 
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Figuree 1 

Correlationn between R5 HIV cytotoxicity and virus production in vitro. Correlations were calculated for 
R55 viruses isolated early (a) and late (b) in the course of infection from long term asymptomatics (LTA) 
andd progressors, the Spearman Rank correlation coefficient with P value is shown. Level of cytotoxicity 
wass calculated as the percentage of viable cells in the infected culture relative to the uninfected control 
culture.. Virus production is given as the amount of p24 gag antigen in the supernatant of the same 
culture,, as measured in a p24 capture ELISA. 
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Tablee 1 Biological virus isolates from 14 participants of the Amsterdam Cohort for Homosexual men. 

Patient Patient 

LTAA 68 

441 1 

583 3 

16 6 

78 8 

337 7 

434 4 

Progg 53 

142 2 

424 4 

38 8 

172 2 

617 7 

638 8 

Biological Biological 

clone clone 

68 .12 .h5 5 

68 .39 .h4 4 

444 1.6.2b 11 

4 4 l . 3 9 . 2 a l l 

583 .9 .2 f l l 

583 .38 .. Iu5 

16.10.. Ic.3 

16.37.2a7 7 

78 .7 .2g6 6 

78 .42 .. Ia4 

337 .9 .. Iu2 

337 .43 .b4 4 

434 .8 . a3 3 

4 3 4 . 4 3 . 6 e l 2 2 

53.11 3.d7 

53 .60 .e6 6 

142.8.bl l 

142.32.IP P 

424.9 . f4 4 

424 .18 . a l l 

38.8.Ü1 1 

3 8 . 3 5 . c l l l 

172.7.t'll 1 

172.14.tl7 7 

617.6.C7 7 

617.41.04 4 

6 3 8 . 7 cc 10 

638 .14 .g3 3 

VirusVirus isolation 

II  inn. after SCi 

33 3 

UK) UK) 

16 6 

111 1 

24 4 

109 9 

22 2 

114 4 

17 7 

11 15 

24 4 

122 2 

13 3 

119 9 

35 5 

77 7 

21 1 

93 3 

6 6 

4 3 3 

21 1 

102 2 

5 5 

25 5 

15 5 

126 6 

22 2 

54 4 

Gem Gem 

CCR? CCR? 

WT T 

WT T 

WT T 

A32/WT T 

A32AVT T 

_i32/WT T 

A32AVT T 

WT T 

WT T 

WT T 

A32/WT T 

J32/WT T 

A32/WT T 

A32/WT T 

/type /type 

CCR2b CCR2b 

WT T 

WT T 

WT T 

WT T 

WT T 

64IA\T T 

WT T 

WT T 

WT T 

WT T 

WT T 

WT T 

WT T 

WT T 

ClinicalClinical outcome R\'A serum load 

lino,lino, after SCl ( 

u s ( 1511 I 

a s ( 1 5 2 ) ) 

a s ( I 4 9 l l 

a s ( 1 4 3 ! ! 

a s ( 1 2 4 ) ) 

a s ( 1 4 2 ) ) 

a s ( 1 4 0 ) ) 

P C P { 7 6 ) ) 

K S ( ! 0 9 ) ) 

C OO (38) 

K S ( K ) l ) ) 

K S ( 2 5 ) ) 

N H LL (136) 

N H LL (59) 

ogog {i>p\es/ml I 

3.6 6 

4.7 7 

3.0 0 

3.0 0 

3.0 0 

3,7 7 

3.7 7 

3.8 8 

3.0 0 

3.7 7 

4.2 2 

4,5 5 

3.0 0 

5.9 9 

4.8 8 

4.8 8 

3.1 1 

4,6 6 

4.8 8 

4.7 7 

3.8 8 

3.9 9 

4.5 5 

4.5 5 

3.5 5 

4.8 8 

4,2 2 

4.1 1 

CD4CD4 number 

111111 fcells/ill) 

1.06 6 

0.63 3 

1.10 0 

0,50 0 

0.83 3 

0.67 7 

0,63 3 

0.49 9 

0.75 5 

0 ,38 8 

1.31 1 

0.71 1 

0.63 3 

0.72 2 

0 .70 0 

0 .20 0 

0.72 2 

0,31 1 

0.66 6 

0.23 3 

0.81 1 

0.17 7 

1,58 8 

1.30 0 

0.57 7 

0.33 3 

0.35 5 

0.24 4 

LTA:: Long term asymptomatic, Prog: progressor. Virus isolation (months after seroconversion). WT: 
CCR55 or CCR2b wild type genotype, A32AVT: CCR5 A32 heterozygote. 64I/WT: CCR2b 641 
heterozygote.. Clinical outcome at end of follow-up (months after seroconversion), as: asymptomatic. 
PCP:: Pneumocytis carinii pneumonia, KS: Kaposi's sarcoma, CO: Oesophageal Candidiasis, NHL: Non-
Hodgkinn Lymphoma. 

IncreasedIncreased replication capacity and cytopathicity of late stage viral isolates 

Wee performed a pairwise analysis of the cumulative virus production at day 7 after inoculation for the 

earlyy and late viral isolate from the same individual. This pairwise analysis revealed a significant 

increasee in virus production between viruses from early and late time points [P=0.01] (Fig. 3a). This 

increasee was not observed in a separate analysis of early and late virus isolates from LTA. In contrast. 
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Figuree 2 

Replicationn kinetics of R5 HIV 
isolatess obtained early (a) or late 
(b)) in the course of infection from 
longg term asymptomatic 
individualss (closed circles) or 
progressorss (open circles). Given 
iss the mean p24 antigen 
productionn  standard error of the 
meann of 7 early or late virus 
isolatess from LTA or progressors. 

22 4 6 
Timee (days) 

10 0 12 2 14 4 

earlyy and late viral isolates from progressors were significantly different for their cumulative virus 

productionn at day 7 [P=0.028]. This confirms previous observations of increasing replicative capacity of 

HIV-11 with a progressive clinical course of HIV infection (5). 

AA similar profile was seen when we compared cytopathicity over time (Fig. 3b). An increase in overall 

cytopathicityy was observed in a pairwise comparison of early and late viruses from LTA and progressors. 

Separatee analysis of the LTA viral isolates revealed no differences in cytopathicity of early and late 

viruses.. Virus isolates obtained late in infection from progressors showed a statistically increased 

cytopathicityy as compared to the related early isolates in pairwise analysis [P=0.018]. 

Inn conclusion, our findings suggest that increased cytopathicity of HIV may be correlated with a 

progressivee disease course. 
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Figuree 3 
Pair-wisee analyses of virus production (a) or cytotoxicity (b) of early and late obtained virus isolates 
fromm the same individual. Analysis was performed for all virus isolates (n=14) under study (left panel) or 
viruss isolates from LTA (middle panel) or progressors (right panel) separately, statistical tests were done 
usingg the Wilcoxon signed rank test, with P value. Virus production and cytotoxicity were measured at 
dayy 7 after inoculation. Open circles represent virus isolates from LTA, closed circles represent virus 
isolatess from progressors. Early and late refer to time point of virus isolation. 
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DistributionDistribution and depletion ofCD4+ T-ceil subsets 

Wee next monitored the dynamics of HIV-1 mediated cell killing and analysed whether within the 

populationn of CD4+ T cells, specific T-cel! subsets were more susceptible for the R5 HIV mediated 

cytopathicc effects. For this purpose, CD4+ T-cell subset distribution was analysed by flow cytometry 

afterr staining the cells for CCR5, CXCR4, CD45RO and CD27 cell surface expression. Staining was 

performedd on day 4, 7, 11 and 14 after inoculation with early or late virus isolates from Progressors or 

LTA. . 

Figuree 4 shows representative results after infection with an R5 HIV isolate. Relative to the uninfected 

controll cultures, we observed an increase in the proportion of the CXCR4+CCR5 CD4+CD3+ population 

andd a relative decrease of the CXCR4+CCR5+CD4+CD3+ and the CXCR4"CCR5+CD4+CD3+ populations 

(Fig.. 4). This change in distribution of celt populations was already visible at day 7 and almost complete 

att day 1 1. 

Thee effect of R5 HIV infection on the T-cell subset distribution was identical for all 14 viral isolates, 

independentt of the moment of virus isolation during the course of infection or the clinical outcome of 

infectionn (Fig 5). In all cases, the CXCR4+CCR5"CD4+CD3+ subset was relatively unaffected compared 

too the CXCR4+CCR5+CD4+CD3+ subset (Fig. 5a). 

Thereforee the depletion CD4+ T cells occurred mainly in CCR5 expressing CD4+ T-cell subset. 

Furthermoree the CD27 CD45RO+ memory population and the CD27+CD45RO+ memory population 

weree depleted to a greater extend by R5 HIV infection than the naive CD45RA+ population (Fig. 5b and 

Fig.. 5c). This observation is in agreement with a higher percentage of CCR5+ cells within the memory T-

celll population (Fig. 4). 

Discussion n 

HIVV isolates obtained at late stages in the course of progressive HIV-1 infection replicate more 

efficientlyy in tissue culture than isolates that are obtained earlier (5,23). This has been best documented 

forr X4/SI HIV-1 variants which emerge in 507r of HIV infected individuals. In the present study we 

demonstratee that R5/NSI restricted HIV-1 clones obtained from AIDS patients who never developed any 

X4/SII virus variants are more cytopathic in vitro in PHA-stimulated PBMC than pre-AIDS R5/NSI HIV-

11 clones or R5/NSI isolates from LTA. 

Thee development of increased pathogenicity of HIV during the course of natural infection has been 

knownn for long (2,28). It has previously been suggested that cytopathicity of HIV primary isolates may 

solelyy depend on the coreceptor usage of the virus and not the patient's clinical status at the moment of 

viruss isolation (20). The differences in CD4+ T-cell depletion in vitro after R5/NSI infection or X4/SI 
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Figuree 4. Kinetics of cell depletion after R5/NSI HIV-1 infection within different CD4+ T-cell subsets. 
Dataa obtained from uninfected control cultures and after inoculation with a R5/NSI HIV-1 are shown and 
thesee are representative for observations with 14 different R5/NSI HIV-1 infection experiments. Flow 
cytometryy was performed on day 4, 7. II and 14 after inoculation. CD4+ T-cell subsets were 
characterizedd by staining with antibodies against CCR5 and CXCR4 (a) or by staining with CCR5, 
CD45ROO and CD27 antibodies (b). Percentage of gated CD4+ T cells corresponding with each quadrant 
aree depicted within the graph (a). Percentages are depicted outside the graph (b). first number represents 
percentagee of gated CD4+ T cells within the region, second number represents percentage of CCR5 
positivee cells within the region. 
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Figuree 5 

Cytotoxicityy of R5/NSI HIV isolates obtained early and late in the course of infection from LTA or 
progressorss at day 7 after inoculation. The mean cytotoxicity (  standard error of the mean) of 7 virus 
isolatess was calculated. Cytotoxicity was calculated as the percentage of viable cells in a CD4+ T cell 
subsett in the R5 HIV-1 inoculated culture relative to the mock infected cell culture. Mabs used for 
stainingg were (a) CD3, CD4. CCR5 and CXCR4; (b) CD4. CD45RO, CD27; (c) CD4, CCR5. CD4<iRO 
andd CD27. 
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infectionn could indeed be attributed to the capacity of X4 HIV to infect more target cells (16,20,21). 

Naivee T cells express CXCR4 but not CCR5 and consequently, these cells are targets for X4/SI infection 

(6,22).. X4/SI HIV infection of naive T cells is considered to directly interfere with T-cell renewal (6) 

andd after the emergence of X4/SI HIV variants, a dramatic acceleration in CD4 cell loss in vivo can 

indeedd be observed (10,18,24). 

However,, within the R5 HIV population, differences in cytopathicity can be expected and these seem not 

too be related to differences in coreceptor usage (1 2). Transmission of an R5 SIV isolate, that was isolated 

earlyy in infection, to a new rhesus macaque resulted in a relatively benign clinical course of infection in 

thee recipient. In contrast, transmission of an R5 SIV isolate that was obtained relatively late in infection 

resultedd in rapid disease progression in the recipient animal, indeed pointing to increasing viral 

pathogenicityy in the course of infection (17,25). 

Wee previously demonstrated that with progression of disease, the in-vitro replicative capacity of R5 

HIV-11 variants increases and that this increase correlated with increased viral load in vivo (5,26,29). In 

ourr present study we demonstrate a correlation between virus production levels and cytotoxicity. This 

indeedd points to a virus mediated cell killing that could be relevant in vivo as well. In the course of R5 

HIVV infection, CD4 T-cell loss is relatively constant (18). This indicates that the increased replicative 

capacityy and the coinciding increased cytopathicity of R5 HIV-1 in the course of infection have much 

lesss dramatic effect on CD4 T-cell loss than cytopathicity induced by X4 HIV-1. In agreement, in our in 

vitroo system of PHA stimulated PBMC, the differences between early and late isolated viral isolates in 

theirr capacity to induce CD4 cell killing were much more subtle than the differences in cytopathicity 

seenn between X4 and R5 HIV-1 variants in general. Furthermore, in collaborative studies with Scoggins 

ett al. we previously observed that also in the SCID-hu Thy/Liv mice system, late stage R5 isolates were 

moree cytopathic than R5 HIV biological clones obtained during early asymptomatic infection (27), but in 

thiss system also late stage R5 HIV-1 variants were never as cytopathic as X4 HIV-1 variants (4). 

Thee underlying mechanism for the increased cytopathicity of AIDS associated R5 HIV-1 remains to be 

established.. An increased replicative capacity may simply increase the turnover rate of infected target 

cells.. Whether this increased replication capacity is due to enhanced affinity for CD4 or CCR5, or 

whetherr other mechanisms are involved, requires further study. 
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Cytopathicityy of R5 HIV-1 in lymphoid tissue explants 

Cytopathicityy of Human Immuno-deficiency Virus Type 1 Primary 

Isolatess Depends on Coreceptor Usage and Not Patient Disease 

Status s 

Abstract t 

Itt has been hypothesized that human immunodeficiency virus type 1 (HIV-1) evolves toward increased 

cytopathicityy in conjunction with disease progression in infected patients. A viral property known to 

evolvee in some but not all patients is coreceptor utilization, and it has been shown that a switch in 

coreceptorr utilization is sufficient for the development of increased cytopathicity. To test the hypothesis 

thatt the evolution of other viral properties also contributes to accelerating cytopathicity in vivo, we used 

humann lymphoid tissue explants to assay the cytopathicity of a panel of primary HIV-1 isolates derived 

fromm various stages of disease characterized by the presence or absence of changes in coreceptor 

preference.. We found no evidence of coreceptor-independent increases in cytopathicity in isolates 

obtainedd either before coreceptor preference changes or from patients who progressed to AIDS despite an 

absencee of coreceptor evolution. Instead, the cytopathicity of all HIV-1 isolates was determined solely by 

theirr coreceptor utilization. These results argue that HIV-1 does not evolve toward increased 

cytopathicityy independently of changes in coreceptor utilization. 

Humann immunodeficiency virus type 1 (HIV-1) is known to evolve throughout the course of disease in 

infectedd individuals (25. 28). To compare the cytopathicity and replication kinetics of clinical isolates 

fromm early and late stages of disease, various cell line-based assays have been used to show that late 

virusess typically are more cytopathic and can replicate faster in vitro (7, 23). The identification of HIV-1 

coreceptorss and of their expression on various cell lines has shed new light on these data. Virtually all 

HIV-11 isolates obtained from patients use one or both of two chemokine receptors, CCR5 (9, 11) and 

CXCR44 (12), as major coreceptors. along with CD4 (15), for entry into target cells (reviewed in reference 

2).. Viruses isolated early in the course of disease typically use CCR5 as a coreceptor (R5 viruses), 

whereass viruses isolated late in the course of disease commonly can use either CXCR4 alone (X4 

viruses)) or both CCR5 and CXCR4 (R5X4 viruses) (8). Typically, cell lines used for in vitro 

characterizationn express high levels of CXCR4 and low levels of CCR5 (29), and these facts explain why 

latee X4 viruses characteristically replicate more vigorously and have greater cytopathic effects in such 

experiments.. Likewise, using a novel experimental system based on ex vivo human lymphoid 

histocultures,, it has been established that X4 viruses are more cytopathic than R5 viruses (13. 14, 18) and 

specificallyy that late X4 viruses are more cytopathic than early R5 viruses (22). An important remaining 
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questionn is whether primary isolates from different stages of disease differ in their cytopathicity 

independentlyy of coreceptor preference. 

Too determine whether HIV-1 cytopathicity corresponds to the stage of HIV-1 disease, we tested a variety 

off primary isolates and biological clones derived from HIV-1-infected patients using an ex vivo human 

lymphoidd histoculture system (13. 14, 18, 21, 22). These experiments were carried out with either blocks 

(14,, 18. 22) or dispersed cultures (D. A. Eckstein. M. L. Penn, Y. D. Korin, D. D. Scripture-Adams, J. A. 

Zack.. J. F. Kreisberg. M. R. Roederer. M. P. Sherman. C. Klein. P. S. Chin, and M. A. Goldsmith, 

submittedd for publication) of human tonsil specimens, and similar results were obtained in both assays. 

HIV-11 isolates or clones were first expanded, and then their titers were determined by end-point dilution 

onn phytohemagglutinin-activated peripheral blood mononuclear cells pooled from two to four normal 

donors.. The inoculum size was either 20 509r tissue culture infective doses per tissue block or 50 5(Y7c 

tissuee culture infective doses per well of dispersed tissue. Histoculture infections typically were carried 

outt for 2 weeks, with culture medium changes the day after infection and every 3 days thereafter. At the 

endd of the experiment, the tissue was harvested and split into two equal samples for immunostaining and 

analysiss by fluorescence-activated cell sorting. One sample was stained with antibodies to CD3, CD4. 

CD8.. and CCR5 for analysis of depletion of both total CD4+ CD3+ lymphocytes (referred to hereafter as 

CD4++ T cells) and CCR5+ and CCR5" subsets of CD4+ T cells. The other sample was stained with 

antibodiess to CD3. CD4. CD45RA. and CD62L for measurement of depletion of naive and memory 

C D 4 + TT cells (19, 20). 

Wee first sought to determine whether X4 viruses present early after infection in some individuals differ 

inn their cytopathicity from X4 viruses isolated late in disease. We compared the CD4+ T-cell depletion 

potentiall of an R5X4 isolate obtained from apatient within 90 days of infection (patient X) (Table 1 and 

Fig.. 1) to that of an R5X4 isolate derived from a patient 6.5 years after seroconversion (patient W) (Fig. 

11 ). As a positive control, we also assayed depletion by a highly cytopathic X4 molecular clone, NL4-3 (1. 

13.. 14. 18. 22). We found that the early R5X4 isolate depleted CD4+ T cells as potently as did both the 

latee R5X4 isolate and the control virus, NL4-3 (Fig. 1 A); each virus led to 85 to 907r depletion of all 

CD4++ T cells relative to the results obtained for uninfected samples. Furthermore, the CCR5+ and CCR5 

subsetss of CD4+ T cells were thoroughly depleted by all viruses tested here (Fig. 1A). In addition, 

depletionn analysis of naive and memory subsets of CD4+ T cells was performed. As was observed 

previouslyy with other X4 viruses, severe depletion of both CD4+ T-cell subsets was observed with all X4 

andd R5X4 viruses tested here (Fig. IB). Finally, robust viral replication kinetics were observed for these 

viruses,, based on measurements of HIV-1 p24in the culture supernatants (Fig. IC). These results, which 

aree consistent with the fact that nearly all CD4+ T cells in human tonsils express CXCR4 (13, 14) and are 

thuss potential targets for HIV-1, demonstrate that cytopathicity correlates well with the coreceptor 

preferencee of X4 isolates. Indeed, we have detected very little variability in the depletion behavior of a 

widee range of X4 and R5X4 isolates (data not shown). 
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Wee next sought to determine if the behavior of R5 viruses was similarly independent of patient status. 

Wee compared the cytopathicity of an early R5 biological clone to that of a tate R5 biological clone 

derivedd from the same patient (patient Z) (Fig. 1). In addition, we tested whether these clones differed 

fromm two other R5 isolates: one isolate was derived from a patient within 90 days of infection (patient Y) 

(Fig.. 1), and the other was isolated 5 years after seroconversion from a patient who was asymptomatic at 

thee time (patient W) (Fig. 1). As a positive control, we also tested a previously characterized R5 

molecularr clone. 8LA (26). All five R5 viruses were found to deplete CD4+ T cells equally. Each 

depletedd approximately 15c/r of total CD4+ T cells (Fig. 1A) but nearly all CCR5' CD4+ T cells (Fig. 

1A).. As demonstrated previously, the apparent decreased cytopathicity of R5 viruses compared with X4 

virusess is due to a decreased target pool size resulting from the limited expression of CCR5 compared 

withh that of CXCR4 {13, 14). Moreover, R5 viruses depleted a portion of memory CD4+ T cells, 

presumablyy the CCR5-expressing fraction, but did not deplete naive CD4+ T cells (Fig. IB), due to a 

veryy low level of CCR5 expression (5. 27, 29). To establish that there was nothing unusual about the 

patientt from whom these biological clones originated, we also tested an R5X4 biological clone that was 

Tablee 1 Summary of primary HIV-1 isolates tested 

Patientt Virus Reference e Patientt designation in reference 

WW Early R5 isolate 
Latee R5X4 isolate 

XX Early R5X4 isolate 
YY Early R5 isolate 
ZZ Early R5 biological clone 

Latee R5 biological clone 
Latee R5X4 biological clone 

AA Early R5 biological clone 
Latee R5 biological clone 

BB Early R5 biological clone 
Latee R5 biological clone 

CC Early R5 biological clone 
Latee R5 biological clone 

DD Early R5 biological clone 
Latee R5 biological clone 

7.8.22 2 
7.8.22 2 
None e 
16 6 
25 5 
25 5 
25 5 
3.4.. 10. 
3,4,, 10, 
4 4 
4 4 
4.. 10 
4.. 10 
4.. 10 
4.. 10 

24.28 8 
24,28 8 

PatientCC (1/85) 
Patientt C (7/86) 
None e 
MJM M 
Patientt 8 
Patientt 8 
Patientt 8 
ACHH 424 
ACHH 424 
ACHH 537 
ACHH 537 
ACHH 38 
ACHH 38 
ACHH 617 
ACHH 617 
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Figuree 1. Cytopathic potential of primary HIV-1 isolates correlates with coreceptor utilization but not stage of 
disease.. (A) Dispersed human tonsil tissue in replicate microtiter wells (three for experimental viruses and two for 
NL4-3)) was inoculated with the indicated viruses (Table 1). Biol. Clone, biological clone. Tissue was harvested, 
immunostained,, and analyzed by fluorescence-activated cell sorting 13 days after infection as described previously 
(14,22).. The total height of the column in the graph represents the ratio of CD4+ T cells to CD8+ T cells. The 
standardd error of the mean is represented by the error bars. (B) The samples shown in panel A were analyzed for 
depletionn of memory and naive T cells. Naive CD4+ T cells were defined as CD4+ T cells that were 
CD45RA+CD62L+,, and all other CD4+ T cells were defined as memory CD4+ Tcells (19,20). (C) Culture 
supernatantt was assayed for HIV-1 p24 by an enzyme-linked immunosorbent assay to monitor viral replication. 
Experimentss with different donor specimens were conducted twice with dispersed cultures and once with tissue 
blocks:: data from a representative experiment are presented. 
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isolatedd late in disease from patient Z at the same time as the previously tested late R5 biological clone. 

Indeed,, the depletion profile of this R5X4 biological clone was similar to that of all other X4 and R5X4 

virusess tested here (Fig. 1A and B). Substantial replication was evident for all R5 viruses and the control 

R5X44 clone (Fig. 1C). In summary, the results thus far revealed no evidence that any viral trait other than 

coreceptorr preference regulates the cytopathicity of primary isolates in ex vivo cultures of human tonsils. 

Itt is possible that the late R5 biological clone tested above was not especially cytopathic because it had 

experiencedd no selective pressure to acquire greater cytopathic properties in the context of highly 

cytopathicc R5X4 viruses that were already systemic in the individual. To address this issue, we tested a 

panell of biological clones isolated longitudinally from four patients who exhibited significant disease 

progressionn but never developed detectable X4 viremia or who were treated with antiretroviral agents. 

Twoo patients were homozygous for the wild-type aliele of CCR5 (patients A and B) (Table 1 and Fig. 2) 

andd progressed to AIDS within ~4 years of seroconversion, whereas the other two patients were 

heterozygouss for the A32 allele of CCR5 (patients C and D) (Fig. 2) and progressed to AIDS in ~8 to 10 

years.. The depletion patterns of these eight viruses were analyzed with particular interest in differences 

betweenn early and late viruses within a given patient or between viruses from patients with different 

genotypicc patterns. However, the results obtained for these eight viruses showed no such differences. 

Eachh infection yielded moderate depletion of CD4+ T cells, with profound depletion of the CCR5+ subset 

off CD4+ T cells and sparing of the CCR5~ subset (Fig. 2A). Moreover, memory CD4+ T cells were 

depletedd moderately by each of these isolates, while naive CD4+ T cells were not (Fig. 2B). Again, 

substantiall viral replication kinetics were seen throughout the course of the experiment for these isolates 

(Fig.. 2C). These results demonstrate that R5 viruses isolated in either the absence or the presence of 

systemicc X4 viremia are equally cytopathic, even R5 viruses causing severe disease progression in the 

absencee of evolution to the X4 phenotype. These data argue against a model of HIV-1 evolution that 

positss selective pressure during the course of disease on HIV-1 to acquire cytopathic traits other than 

expandedd target cell range via coreceptor evolution. 

Inn summary, we have shown that the cytopathicity for tissue lymphocytes of a diverse set of primary 

isolatess from various stages of disease is entirely restricted by coreceptor utilization and does not 

typicallyy display coreceptor-independent evolution during the progression of disease. This finding likely 

hass implications for disease pathogenesis, but the possibility that there may be subtle, coreceptor-

independentt evolution of pathogenicity in vivo that is not reflected in this ex vivo culture system cannot 

bee excluded. Likewise, we cannot exclude the possibility that the propagation of virus isolates may have 

diminishedd virulence differences, a potential problem with any functional survey of primary isolates. 

Givenn the range of sources of viruses and the uniformity of our results, this report nonetheless establishes 

thee general principle that the ability of HIV-1 to deplete CD4+ T cells in histocultures is a predictable 

eventt based on coreceptor usage of the virus and coreceptor expression of the target tissue. 
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Figuree 2. Primary R5 HIV-1 isolates from advanced disease in the absence of X4 viremia retain 
selectivee cytopathicity forCCR5+ T cells. Experiments were performed with the indicated viruses (Table 
1)) as described in the legend to Fig. 1. (A) Depletion of CD4+ T cells, including total CD4+ T cells, and 
CCR5++ and CCR5 subsets. (B) Depletion of memory and naive subsets of CD4+ T cells. (C) HIV-1 
replicationn kinetics. Experiments with different donors specimens were conducted twice with dispersed 
culturess and once with tissue blocks; data from a representative experiment are presented. 

Ourr results indicating equal degrees of cytopathicity of early and late R5 viruses from patients who 

progressedd to AIDS but lacked X4 viremia are in agreement with one but not another study of similar 

isolatess tested in the SCID-hu Thy-Liv xenotransplant model (3, 24). Berkowitz et al. (3) analyzed two 
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late-stagee R5 biological clones, including one from patient A, and did not find increased cytopathicity 

relativee to that of control viruses. In contrast, Scoggins et al. (24) tested the cytopathicity of early-, 

middle-,, and late-stage disease biological clones derived from some of the same patient isolates as those 

testedd here and found significant depletion of CD4+ CD8+ thymocytes in some implants with a single 

late-stagee clone but not with clones from earlier in disease. It is important to note the differences between 

thee SCID-hu model and histocultures with regard to interpretation of the above results. The human tissue 

inn SCID-hu xenografts originates from thymic tissue and thus represents a system to test the effects of 

HIV-11 on immature and developing thymocytes (6. 17). In fact, the bulk of this tissue is CD4+ CD8+ 

thymocytes,, of which more than 90% would be eliminated by thymic selection normally. In contrast, the 

experimentall explants used in the present study are derived from mature lymphoid tissue that is populated 

byy T cells that have survived thymic selection. Thus, the depletion properties observed here are 

indicativee of the cytopathic capabilities of HIV-1 for mature CD4+ T cells. 

Inn the context of disease progression, the data regarding the cytopathicity of early and late R5 viruses 

indicatee that HIV- 1 need not experience an increase in cytopathicity over time to cause severe disease in 

infectedd people. An R5 virus that successfully infects and eliminates the entire CCR5-expressing pool of 

CD4++ T cells is apparently cytopathic enough to deplete the immune system sufficiently to cause AIDS, 

presumablyy through attrition of cells that dynamically express CCR5 at various stages of the cellular life 

cyclee (5). We hypothesize that as the immune system seeks to replenish the CCR5-expressing fraction of 

CD4++ T cells to restore homeostasis in the context of peripheral destruction of such cells, an R5 virus will 

continuallyy find new target cells until too few CD4+ cells remain to maintain a functional immune 

system. . 

Acknowledgements s 

Wee thank Bruce Cheesbro for kindly providing plasmids and members of the surgical staff at Kaiser 

hospitalss (San Rafael and San Francisco) for generous assistance in obtaining posttonsillectomy samples. 

Wee acknowledge the technical assistance of Valerie Stepps, Marty Bigos, and Kathleen Kulka and the 

assistancee of Heather Gravois and John Carroll in the preparation of the manuscript. Some viruses used in 

thiss study were obtained from the Amsterdam Cohort Studies, a collaboration among the Academic 

Medicall Center, the Municipal Health Service, and the CLB in Amsterdam, The Netherlands, and others 

weree obtained from the Multicenter AIDS Cohort Study (MACS; http://www.statepi.jhsph.edu/ 

macs/macs.html).. J.F.K. was supported by the National Science Foundation and the Biomedical Science 

Graduatee Program at UCSF. D.K. was supported by the Dutch Council for Scientific Research (N.W.O. 

grantt 901-02-214), B.S. was supported by the Boehringer Ingelheim Fund, R.C. was supported by an 

NIHH grant (AI41.T73) and the Irene Diamond Fund, J.I.M. and A.B.V. were supported by an NIH grant 

(AI37984),, and A.B.V. was also supported by a grant from the American Foundation for AIDS Research 

93 3 

http://www.statepi.jhsph.edu/


Chapter|6 6 

(70531-28-RF).. This work was supported by NIH grants to M.A.G. (AI43695 and CA86814) and by the 

J.. David Gladstone Institutes. 

Referencee List 

1.. Adachi, A., H. E. Gendelman, S. Koenig. T. Folks, R. Willey, A. Rabson, and M. A. Martin. 1986. 
Productionn of acquired immunodeficiency syndromeassociated retrovirus in human and nonhuman 
cellss transfected with an infectious molecular clone. J. Virol. 59:284-291. 

2.. Berger, E. A., P. M. Murphy, and J. M. Farber. 1999. Chemokine receptors as H1V-1 coreceptors: 
roless in viral entry, tropism, and disease. Annu. Rev. Immunol. 17:657-700. 

3.. Berkowitz, R. D., A. B. van't Wout, N. A. Kootstra, M. E. Moreno, V. D. Linquist-Stepps. C. Bare, 
C.. A. Stoddart, H. Schuitemaker, and J. M. McCune. 1999. R5 strains of human immunodeficiency 
viruss type 1 from rapid progressors lacking X4 strains do not possess X4-type pathogenicity in 
humann thymus. J. Virol. 73:7817-7822. 

4.. Blaak, H„ M. Brouwer, L. J. Ran, F. de Wolf, and H. Schuitemaker. 1998. In vitro replication 
kineticss of human immunodeficiency virus type 1 (HIV-1) variants in relation to virus load in long-
termm survivors of HIV-1 infection. J. Infect. Dis. 177:600-610. 

5.. Bleul, C. C, L. Wu, J. A. Hoxie, T. A. Springer, and C. R. Mackay. 1997. The HIV coreceptors 
CXCR44 and CCR5 are differentially expressed and regulated on human T lymphocytes. Proc. Natl. 
Acad.. Sci. USA 94:1925-1930. 

6.. Bonyhadi, M. L., L. Rabin, S. Salimi, D. A. Brown, J. Kosek, J. M. McCune, and H. Kaneshima. 
1993.. HIV induces thymus depletion in vivo. Nature 363:728-732. 

7.. Connor, R. I.. H. Mohri, Y. Cao. and D. D. Ho. 1993. Increased viral burden and cytopathicity 
correlatee temporally with CD4+ T-lymphocyte decline and clinical progression in human 
immunodeficiencyy virus type 1 -infected individuals. J. Virol. 67:1772-1777. 

8.. Connor, R. I., K. E. Sheridan, D. Ceradini, S. Choe, and N. R. Landau. 1997. Change in coreceptor 
usee correlates with disease progression in HIV-1-infected individuals. J. Exp. Med. 185:621-628. 

9.. Deng, H.. R. Liu, W. Ellmeier, S. Choe, D. Unutmaz, M. Burkhart, P. Di Marzio. S. Marmon, R. E. 
Sutton,, C. M. Hill, C. B. Davis, S. C. Peiper, T. J. Schall. D. R. Littman. and N. R. Landau. 1996. 
Identificationn of a major co-receptor for primary isolates of HIV-1. Nature 381:661 -666. 

10.. de Roda Husman, A. M.. R. P. van Rij, H. Blaak, S. Broersen, and H. Schuitemaker. 1999. 
Adaptationn to promiscuous usage of chemokine receptors is not a prerequisite for human 
immunodeficiencyy virus type 1 disease progression. J. Infect. Dis. 180:1106-1115. 

11.. Dragic, T.. V. Litwin, G. P. Allaway, S. R. Martin, Y. Huang, K. A. Nagashima, C. Cayanan. P. J. 
Maddon,, R. A. Koup, J. P. Moore, and W. A. Paxton. 1996. HIV-1 entry into CD4+ cells is 
mediatedd by the chemokine receptor CC-CKR-5. Nature 381:667-673. 

12.. Feng, Y.. C. C. Broder, P. E. Kennedy, and E. A. Berger. 1996. HIV-1 entry cofactor: functional 
cDNAA cloning of a seven-transmembrane, G protein coupled receptor. Science 272:872-877. 

94 4 



Cytopathicityy of R5 HIV-1 in lymphoid tissue explants 

13.. Grivel, J. C , and L. B. Margolis. 1999. CCR5- and CXCR4-tropic HIV-1 are equally cytopathic 
forr their T-cell targets in human lymphoid tissue. Nat. Med. 5:344-346. 

14.. Grivel, J. C, M. L. Penn, D. A. Eckstein, B. Schramm, R. F. Speck, N. W. Abbey, B. Herndier, L. 
Margolis,, and M. A. Goldsmith. 2000. Human immunodeficiency virus type 1 coreceptor 
preferencess determine target T-cell depletion and cellular tropism in human lymphoid tissue J 
Virol.. 74:5347-5351. 

15.. Maddon, P. J., A. G. Dalgleish, J. S. McDougal, P. R. Clapham, R. A. Weiss, and R. Axel. 1986. 
Thee T4 gene encodes the AIDS virus receptor and is expressed in the immune system and the brain 
Celll 47:333-348. 

16.. Mariani, R., S. Wong, L. C. Mulder, D. A. Wilkinson, A. L. Reinhart, G. LaRosa, R. Nibbs, T. R. 
O'Brien,, N. L. Michael, R. I. Connor, M. Macdonald, M. Busch, R. A. Koup, and N. R. Landau. 
1999.. CCR2-64I polymorphism is not associated with altered CCR5 expression or coreceptor 
function.. J. Virol. 73:2450-2459. 

17.. McCune, J. M., R. Namikawa, H. Kaneshima, L. D. Shultz, M. Lieberman, and I. L. Weissman. 
1988.. The SCID-hu mouse: murine model for the analysis of human hematolymphoid 
differentiationn and function. Science 241:1632-1639. 

18.. Penn, M. L., J. C. Grivel, B. Schramm, M. A. Goldsmith, and L. Margolis. 1999. CXCR4 
utilizationn is sufficient to trigger CD4+ T cell depletion in HIV-1-infected human lymphoid tissue 
Proc.. Natl. Acad. Sci. USA 96:663-668. 

19.. Picker, L. J., J. R. Treer, B. Ferguson-Darnell, P. A. Collins, D. Buck, and L. W. Terstappen. 1993. 
Controll of lymphocyte recirculation in man. I. Differential regulation of the peripheral lymph node 
homingg receptor Lselection on T cells during the virgin to memory cell transition. J Immunol 
150:1105-1121. . 

20.. Roederer, M., P. A. Raju, D. K. Mitra, and L. A. Herzenberg. 1997. HIV does not replicate in naive 
CD44 T cells stimulated with CD3/CD28. J. Clin. Investig. 99:1555-1564. 

21.. Schramm, B., M. L. Penn, E. H. Palacios, R. M. Grant, F. Kirchhoff, and M. A. Goldsmith. 2000. 
Cytopathicityy of human immunodeficiency virus type 2 (HIV-2) in human lymphoid tissue is 
coreceptorr dependent and comparable to that of HIV-1. J. Virol. 74:9594-9600. 

22.. Schramm, B„ M. L. Penn, R. F. Speck, S. Y. Chan, E. De Clercq, D. Schols, R. I. Connor, and M. 
A.. Goldsmith. 2000. Viral entry through CXCR4 is a pathogenic factor and therapeutic target in 
humann immunodeficiency virus type 1 disease. J. Virol. 74:184-192. 

23.. Schuitemaker, H„ M. Koot, N. A. Kootstra, M. W. Dercksen, R. E. de Goede, R. P. van Steenwijk, 
J.. M. Lange, J. K. Schattenkerk, F. Miedema, and M. Tersmette. 1992. Biological phenotype of 
humann immunodeficiency virus type 1 clones at different stages of infection: progression of disease 
iss associated with a shift from monocytotropic to T-cell-tropic virus population J Virol 66-1354-
1360. . 

24.. Scoggins, R. M., J. R. Taylor, Jr., J. Patrie, A. B. van't Wout, H. Schuitemaker, and D. Camerini. 
2000.. Pathogenesis of primary R5 human immunodeficiency virus type 1 clones in SCID-hu mice 
J.. Virol. 74:3205-3216. 

25.. Shankarappa, R., J. B. Margolick, S. J. Gange, A. G. Rodrigo, D. Upchurch, H. Farzadegan, P. 
Gupta,, C. R. Rinaldo. G. H. Learn, X. He, X. L. Huang, and J. I. Mullins. 1999. Consistent viral 

95 5 



Chapter|6 6 

evolutionaryy changes associated with the progression of human immunodeficiency virus type 1 
infection.. J. Virol. 73:10489-10502. 

26.. Toohey, K., K. Wehrly, J. Nishio, S. Perryman, and B. Chesebro. 1995. Human immunodeficiency 
viruss envelope VI and V2 regions influence replication efficiency in macrophages by affecting 
viruss spread. Virology 213: 70-79. 

27.. van Rij, R. P.. H. Blaak, J. A. Visser, M. Brouwer, R. Rientsma, S. Broersen, A. M. de Roda 
Husman,, and H. Schuitemaker. 2000. Differential coreceptor expression allows for independent 
evolutionn of non-synctium-inducing and syncytium-inducing HIV-1. J. Clin. Investig. 106:1039-
1052. . 

28.. van 't Wout, A. B., H. Blaak, L. J. Ran, M. Brouwer, C. Kuiken, and H. Schuitemaker. 1998. 
Evolutionn of syncytium-inducing and non-syncytiuminducing biological virus clones in relation to 
replicationn kinetics during the course of human immunodeficiency virus type 1 infection. J. Virol. 
72:5099-5107. . 

29.. Wu, L., W. A. Paxton, N. Kassam, N. Ruffing, J. B. Rottman, N. Sullivan, H. Choe, J. Sodroski, 
W.. Newman, R. A. Koup, and C. R. Mackay. 1997. CCR5 levels and expression pattern correlate 
withh infectability by macrophagetropic HIV-1, in vitro. J. Exp. Med. 185:1681-1691. 

96 6 



chapter|7 7 

Cytopathicc Effects of Non-Syncytium-Inducing and 

Syncytium-Inducingg Human Immuno-deficiency Virus Type 1 

Variantss on Different CD4+-T-Cell Subsets Are Determined 

Onlyy by Coreceptor Expression 

Davidd Kwa, Jose Vingerhoed, Brigitte Boeser-Nunnink, Silvia Broersen, and 

Hannekee Schuitemaker 

Departmentt of Clinical Viro-Immunology, Sanquin Research at CLB, and Landsteiner 

Laboratory.. Academic Medical Center, University of Amsterdam, The Netherlands 

JJ Virol 2001 Nov;75(21): 10455-9 



. . 



Cytopathicityy of R5 and X4 HIV- 1 

Cytopathicc Effects of Non-Syncytium-Inducing and Syncytium-

Inducingg Human Immunodeficiency Virus Type 1 Variants on 

Differentt CD4+T-Cell-Subsets Are Determined Only by 

Coreceptorr Expression 

Abstract t 

Inn peripheral blood mononuclear cells, syncytium-inducing (SI) human immunodeficiency virus type 1 

(HIV-1)) infected and depleted all CD4+ T cells, including naive T cells. Non-SI HIV-] infected and 

depletedd only the CCR5-expressing T-cell subset. This may explain the accelerated CD4 cell loss after SI 

conversionn in vivo. 

Infectionn with human immunodeficiency virus type 1 (HIV-1) is generally established by preferentially 

macrophage-tropic,, slowly replicating, non-syncytium-inducing (NSI) variants (27, 32) that use |3-

chemokinee receptor 5 (CCR5) as a coreceptor (1, 11, 13). In 50% of cases, disease progression is 

associatedd with the emergence of SI variants which at least use a chemokine receptor 4 (CXCR4) {8, 12, 

15).. SI conversion precedes a more rapid CD4 cell decline and an accelerated progression to AIDS (9, 

20),, for which the mechanism is not completely understood. Naive CD4+ T cells express CXCR4 but not 

CCR55 (5), which makes them targets for SI-HIV-1 infection in vivo (4, 23, 31). Infection and death of 

thesee naive CD4 T cells may directly interfere with T-cell renewal (4). In addition, SI HIV-1 variants are 

generallyy considered to be more cytopathic than NSI HIV-1 variants (16, 17, 24, 28), although high 

cytopathicityy of NSI HIV-1 variants has also been reported (14, 22, 33). 

Inn this study, we analyzed the in vitro cytopathic effects of closely related NSI and SI HIV-1 variants 

withh different coreceptor usage on different T-cell subsets in peripheral blood mononuclear cells 

(PBMC)) in vitro. 

Pooledd PBMC from 10 healthy blood donors, selected for a CCR5 wild-type genotype, were isolated 

fromm buffy-coat cells using Ficoll density centrifugation. For phytohemagglutinin (PHA) stimulation, 

cellss were grown in medium (Iscove's modified Dulbecco's medium [IMDM] supplemented with 10% 

fetall calf serum, penicillin [100 U/ml], and streptomycin [100 fig/ml]) with PHA (1 u.g/ml) for 2 days. 

PHA-stimulatedd PBMC (PHA-peripheral blood lymphocytes) were then depleted for CD8+ cells using a 

magneticc cell sorting (MACS) system (Miltenyi Biotec, Bergisch Gladbach, Germany) according to the 

manufacturer'ss instructions. The cell fraction depleted for CD8+ cells was collected and resuspended to a 

concentrationn of 106 cells/ml in IMDM supplemented with recombinant human interleukin-2 (rIL2) 

(Proleukin;; Chiron Benelux BV, Amsterdam, The Netherlands) (20 U/ml) and Polybrene (5 Jig/ml). 
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Subsequently,, inoculation was performed with 1,000 50% tissue culture infective doses (the multiplicity 

off infection ranged from 0.006 to 0.0013) of primary biological HIV-1 clones of ACH 208, from a 

participantt in the Amsterdam Cohort Studies. These HIV-1 biological clones were previously obtained 

byy coculture of limiting dilutions of PBMC from patients and PHA-stimulated PBMC from healthy 

donorss (21, 27). PBMC from ACH 208 were obtained 20 months after the diagnosis of AIDS, which was 

744 months postseroconversion. We used one NSI variant (208*4acl2), one CXCR4-restricted SI variant 

(208*4c8),, and one CCR5- and/or CXCR4-using SI variant (208*4acl0). Virus stocks were grown on 

PHA-stimulatedd PBMC. For mock infections, we used the supernatants of uninfected PBMC cultures. 

Changess in the distribution of T-cell subsets present in PHA-stimulated PBMC that had been inoculated 

inn vitro with NSI or SI HIV-1 were studied on a FACSCalibur (Becton Dickinson, San Jose, Calif.) after 

stainingg for CD4 (peridinin chlorophyll protein [PerCP]; Becton Dickinson), CCR5 (fluorescein 

isothiocyanatee [FITC], 2D7; PharMingen, San Diego, Calif.), and CXCR4 (phycoerythrin [PE], 12G5; 

Pharmingen), , 

Lymphocytess were gated according to their relative positions in the forward and sideward scatter plot. 

Cellss were further gated for CD4 expression and for the membrane markers that defined other subsets. 

Increasedd expression of CXCR4 and CCR5 on CD4 T cells was first observed in PBMC from healthy 

individualss after 2 days of PHA stimulation, which was just before inoculation. The major cell 

populationn present was either CD4+ CXCR4+ CCR5 or CD4+ CXCR4+ CCR5+. The two other cell 

populationss (CD4+ CXCR4" CCR5+ or/and CD4+ CXCR4 CCR5" subsets) were seen from day 4 after 

inoculationn onward as minor populations (approximately 1 to 3 and 1 to 10% of gated CD4 lymphocytes, 

respectively)) (data not shown). 

Infectionn with SI HIV-1 induced a depletion of the total CD4 T-cell subset, which was complete at day 9 

afterr inoculation. In the NSI-HIV-1-infected cultures, CD4 cell depletion was more moderate, with 50% 

depletionn of total CD4 T cells compared to the number still present in the uninfected control at day 9 

(Fig.. la). 

Bothh the SI- and the NSI-HIV-1-infected cultures showed reductions in their numbers of CD4+ CXCR4+ 

CCR5++ and CD4+ CXCR4 CCR5+ cells compared to the numbers in the uninfected control, which were 

firstt seen at day 5 after inoculation (Fig. la). In the SI-HIV-1 -infected culture, the depletion of both the 

CD4++ CXCR4" CCR5" and the CD4+ CXCR4+ CCR5 subset was also evident at day 5 after inoculation, 

althoughh to a much lesser extent. In the NSI-HIV-1-infected culture, an almost complete depletion of the 

CCR5++ cells had occurred by day 7 whereas the CXCR4+ subset remained relatively unaffected 

comparedd to that of the uninfected control. Identical observations were made with PBMC that had been 

stimulatedd with immobilized CD3 and CD28 monoclonal antibodies (MAbs) (data not shown). In 
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Figuree 1. 
Longitudinall analysis of 
thee distribution of CD4 T-
celll subsets defined by 
HIV-11 co-receptor 
expressionn in PHA 
PBMCC cultures inoculated 
with208*4aclO(SIHIV--
Dor208*4acl2(NSI I 
HIV-1)) (a) and replication 
kineticss of the viruses (b). 
Cellss were isolated on 
sequentiall time points 
afterr infection and stained 
withh mAb against CD4, 
CXCR44 and CCR5. CD4 
T-celll subsets are depicted 
ass percentages of total 
cellss relative to numbers 
inn uninfected controls. 
Virall replication kinetics 
off both viruses were 
assessedd by measuring p24 
Gagg antigen in the culture 
supernatant.. • , uninfected 
control:: • , 208*4ac 10 
(R5/X4-SI)) infection; • 
208*4acl2(R5-NSI) ) 
infection.. OD, optical 
density.. Graphs are 
representativee of three 
independentlyy performed 
experiments. . 
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parallell cultures, the kinetics of virus production was monitored in the supernatants using an in-house 

p244 antigen capture enzyme-linked immunosorbent assay (29). Virus production was first detected at day 

44 after inoculation. The kinetics and the maximum levels of virus production were the same in NSI- and 

SI-HIV-1-infectedd cultures (Fig. lb). 

Next,, we wanted to analyze whether, within the T-cell population expressing CCR5 and/or CXCR4. 

differentt CD4+ Tcell subsets were depleted with different kinetics. For this purpose, the cells were 

stainedd with MAbs directed against CD4. CCR5, CXCR4, CD45RO (allophycocyanin [APC]; Becton 

Dickinson),, CD27 (biotin; CLB, Amsterdam, The Netherlands), and streptavidin (PE; Molecular Probes. 

Eugene.. Oreg.) at different time points after inoculation with NSI or SI HIV-1. 

Basedd on the expression of CD45RO and CD27 on CD4 subsets, we distinguished a CD27 memory 

subsett (CD4+ CD27 CD45RO+), a CD27+ memory subset (CD4+ CD27+ CD45RCT). and a naive T-cell 

subsett (CD4+ CD27+ CD45RO") (2, 10). 

Uponn infection with the SI HIV-1 variant, we observed a rapid depletion of the CD27" memory subset. 

whichh was complete at day 7 after inoculation. Depletion of the CD27+ memory subset occurred with 

slowerr kinetics and was complete at day 9 after inoculation. The naive subset remained intact until day 5 

afterr inoculation but was also completely depleted at day 9 (data not shown). 

Inoculationn with the NSI HIV-1 variants resulted in a 50% depletion of the CD4 cell population. The 

CD27++ memory and CD27" memory T-cell subsets were most affected, a result in agreement with the 

highh proportion of CCR5+ T cells in the memory T-cell subsets. The CD4+ CCR5+ T lymphocytes were 

almostt completely depleted at day 7. This depletion included both the CD27" CCR5+ memory and the 

CD27++ CCR5+ memory T-cell subsets. CCR5 expression on naive CD4 T cells was very low {data not 

shown). . 

Too establish whether the subsets that were depleted upon inoculation of the cell culture with HIV were 

indeedd productively infected, we stained for the presence of intracellular p24 Gag antigen (FITC, KC57; 

Coulter.. Miami. Fla.). We then also included the CXCR4-restricted SI HIV-1 variant 208*4c8 from the 

samee patient. 

Cellss were first stained for membrane markers, fixed with paraformaldehyde, permeabilized with a 

permeabilizingg solution (Becton Dickinson), and then stained for intracellular p24 Gag antigen at days 2. 

5,, 7. and 9 after inoculation. To distinguish between input virus and newly produced p24 antigen, we 

incubatedd control cultures with zidovudine (AZT) to prevent productive infection. At all time points, 

supernatantss of AZT-treated cell cultures remained negative for p24 Gag as measured by enzyme-linked 

immunosorbentt assay (data not shown). In agreement with these results, less than 1% of the AZT-treated 

CD44 lymphocytes stained positive for intracellular p24 (data not shown). 

Thee cultures infected with the R5 NSI HIV-1 variant showed intracellular staining for p24 Gag antigen 

inn the memory CD4+T-cell subsets. After infection with the X4 and R5/X4 SI HIV-1 variants, the 
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Figuree 2. 
Productivee infection as demonstrated by the presence of intracellular p24 Gag antigen in CD4+ T-cell 
subsetss after inoculation with SI or NSI variants. FACScan dot plot images of cells stained at different 
timee points after inoculation with MAbs against CD4, intracellular p24 , CD27 and CD45RO are shown. 
Redd dots represent p24-positive cells. (Top graphs) uninfected control; (upper middle graphs) SI-HIV-1 
(208*4acl0)-inoculatedd cultures, (lower middle graphs) NSI-HIV-1 (208*4acl2)-inoculated cultures, 
(bottomm graphs) SI-HIV-1 (208*4c8)-inoculated cultures. Percentages are depicted above each graph, 
firstfirst value represents the percentage of cells of gated CD4 T cells within the region, and the second (red) 
valuee represents the percentage of p24-positive cells within the region. 
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Figur ee 3. 
FACSS analysis of the cell 
divisionn status of CD4+ 

CD27++ CD45RCT and CD4+ 

CD27+CD45RO+TT cells 
withinn PHA-stimulated 
PBMC.. (a) BrdU 
incorporationn in naive and 
memoryy T cells. Grey and 
blackk histograms represent 
cellss incubated with and 
withoutt BrdU. respectively. 
Naivee CD27+ CD45RCT and 
memoryy CD27+CD45RO+ 

CD4++ T cells were gated, 
percentagess of BrdU 
positivee cells are indicated 
withinn each histogram, (b) 
CFSEE labeling of naive and 
memoryy T cells, 3 and 5 
dayss after initiation of PHA 
stimulation.. The dilution of 
CFSEE label within each 
subsett is shown. Percentages 
indicatee the proportion of 
cellss within each subset that 
hass divided at least once. 

CFSE E 

presencee of p24 Gag antigen in the CD27~ memory and in the CD27+ CD45RCT naive CD4 T-cell 

subsetss could be demonstrated by intracellular staining and fluorescence-activated cell sorter (FACS) 

analysiss (Fig. 2). These findings are in good correspondence with the expression of CXCR4 on almost all 

CD44 cells and the expression of CCR5 mainly on the memory CD4 T cells. The SI-HIV-1 infection of 

CXCR4-expressingg naive T cells is in agreement with the fact that SI HIV-1, but not NSI HIV-1, can be 

isolatedd from naive T cells from SI-HIV-1-infected individuals, as was reported recently (4, 31). 

Furthermore,, irrespective the virus used for inoculation, the CD27" memory T cells contained the highest 

percentagee of productively infected cells at days 2 and 5 after infection. This T-cell subset was the subset 

depletedd most rapidly. 
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Thee presence of intracellular p24 Gag antigen in the socalled naive T cells may point to productive HIV-

11 infection. As a certain cellular activation state is required to support HIV-1 infection (6, 7, 34, 35), it 

hass long been questioned whether naive cells can be infected with HIV-1 while keeping their naive 

phenotype.. We therefore wanted to determine whether, in our culture system, the naive CD4 T-cell 

subsett (CD4+ CD27+ CD45RCO proliferated upon PHA stimulation, without losing the naive phenotype. 

Forr this purpose, cells were PHA-stimulated for 2 days, CD8 depleted, and incubated in medium 

containingg rIL-2. Polybrene, and bromodeoxyuridine (BrdU, 20 juM; Sigma), a uridine analog that 

incorporatess into UNA in place of thymidine. After 24 h. unadsorbed BrdU was washed away and cells 

weree cultured in medium for another 2 days. Cells were then stained for membrane markers against CD4, 

CD27,, and CD45RO; fixed and permeabilized with 29c paraformaldehyde and 19c Tween 20; and treated 

withh DNase (20 U/ml, RQ1; Promega Corp., Madison, Wis.) supplemented with MgC12 for 30 min at 

37°C.. Incorporated BrdU was subsequently visualized with anti-BrdU (FITC; Becton Dickinson). At day 

55 after the start of PHA stimulation, about 309c of the cells in the naive cell population had incorporated 

BrdUU indicative of proliferation. In the CD27 memory cell population, 38% of the cells had 

incorporatedd BrdU (Fig. 3a). 

Thee division histories of CD4+ CD27+ CD45RO+ (memory) and CD4+ CD27+ CD45RCT (naive) T-cell 

populationss were also analyzed using the intracytoplasmic fluorescent dye 5- (and 6-)carboxyfluorescein 

diacetatee succinimidyl ester (CFSE; Molecular Probes). CFSE is equally distributed over daughter cells 

uponn cell division and is discretely diluted in subsequent cell division rounds. We first positively 

selectedd for CD4 and CD45RA from PBMC with a MACS multisort kit and labeled the cells with CFSE 

forr 10 min at 37°C (final concentration, 6 (iM) before stimulating these with PHA. Cells were 

subsequentlyy stained with MAbs against CD4, CD27, and CD45RO. We could indeed observe a dilution 

off CFSE over daughter cell populations in both the memory and the naive T-cell subsets in PHA-

stimulatedd cultures (Fig. 3b). At day 3. about 429c of the naive subset had undergone cell division, which 

increasedd to 81% at day 5. In the CD27" memory subset, the percentages of cells that had divided were 

529c529c at day 3 and 95% at day 5. A cytokine-induced proliferation of naive cells without conversion to a 

memoryy cell phenotype has also been described by Unutmaz et al. (30). Moreover, a relatively high 

expressionn of Ki67 in naive T cells during the late stage of HIV-1 infection has been observed (19, 25). 

Wee here show that target cells for HIV-1 are defined by the expression of the appropriate coreceptors, 

whichh has also been observed in the SCID-hu Thy/Liv mouse model. In that model, infection with SI 

HIV-11 resulted in strong depletion of thymocytes that expressed CXCR4 whereas infection with NSI 

HIV-11 had no or little effect, a finding which agrees with the very low number of CCR5-expressing cells 

inn the thymus (3). Moreover, coreceptor expression-dependent cell killing has also been described for 

HIV-22 and SIV (26). Our findings are also in agreement with the observations by Grivel and Margolis 

(18),, who observed in lymphoid tissue cultures in vitro depletion of CCR5-expressing cells upon NSI 
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infectionn and depletion of all CD4+ T cells upon SI infection, irrespective of cellular coreceptor 

expression.. One of their explanations for the SI-HIV-1-mediated depletion of CXCR4-negative cells was 

thatt SI HIV-1 could perhaps utilize CXCR4 at very low expression levels, even below the limit of 

detectionn of FACS analysis. 

Indeed,, as we performed intracellular staining for p24 Gag antigen, we were able to demonstrate that 

cellss productively infected with HIV were more readily depleted than nonproductively infected cells. 

Sincee inoculation with SI HIV-1 resulted in a productive infection and also in the depletion of CXCR4-

negativee subsets, it may very well be that a low expression of CXCR4 is sufficient to support HIV-1 

infection.. Alternatively, the cells may have had detectable CXCR4 expression at the moment of 

inoculation,, which was subsequently down regulated. In addition, aspecific cell depletion may have 

occurredd as a consequence of an increased amount of toxic factors and cell debris due to SI-HIV-1 -

mediatedd cell depletion. 

Inn addition, we have shown that NSI and SI HIV-1 are equally cytopathic for their respective target cells 

and,, finally, that naive T cells can proliferate and that these cells are indeed susceptible to SI-HIV-1 

infection.. Our data suggest that, although differential cytopathicity of NSI and SI HIV-1 may be 

excludedd as an explanation for the accelerated CD4 cell decline after the emergence of SI HIV-1 

variants,, the underlying mechanism may still be multifactorial. Indeed, SI-HIV-1 infection of naive T 

cellss may directly interfere with T-cell renewal. In addition, the much broader expression of CXCR4, 

alsoo within the memory T-cell pool, provides a much larger SI-HIV-1 target cell population. 

Consequently,, despite the equal levels of cytopathicity of NSI and SI HIV-1, the impact of SI-HIV-1 

infectionn on the depletion of CD4 cells is much larger. 
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Generall Discussion 

Thee clinical course of untreated HIV-1 infection is highly variable. After establishment of infection, 

AIDSS can develop within one to two years. In contrast, incubation periods of more than 10 years have 

alsoo frequently been reported. This variability is thought to reflect the complex interactions between 

viruss and host. The contribution of the biological phenotype of HIV-1 to the clinical course of infection 

hass been subject of study for many years. More recently, a role for host genetic factors in the 

pathogenesiss of HIV-1 infection is increasingly being appreciated. Below the influence of 

polymorphismss in HIV-1 coreceptors and their ligands as well as the role of HIV-1 biological variability 

onn the clinical course of HIV-1 infection will be discussed. 

Hostt  genetic factors and HIV infection 

PolymorphismsPolymorphisms in chemokine receptors and HIV-1 disease progression 

Polymorphismss in human genes encoding chemokine receptors CCR5, CCR2b, and CX3CR1 have been 

reportedd to influence the clinical course of HIV-1 infection. Homozygosity for an inactivating deletion of 

322 base pairs in the CCR5 gene (24) has been associated with protection from infection, which is 

generallyy established by CCR5 using (R5) HIV-1 variants (52,76). This polymorphism, which leads to a 

prematuree stop and a non-functional protein, is common among Caucasians, but virtually absent in 

African-Americanss and Africans. Protection from infection is not absolute as infection of CCR5 A32 

homozygotess with CXCR4 using variants has been reported. The role of CCR5 A32 heterozygosity in 

protectionn from transmission has been more controversial (24,37,76). 

Heterozygosityy for CCR5 A32 has been associated with delayed progression to AIDS, but these studies 

weree primarily performed in cohorts of subtype B infected homosexual men (36,40,71,87). The 

mechanismm of protection most likely involves a reduction of the number of CCR5 positive cells and 

hencee the number of potential target cells for HIV-1, which may result in reduced virus replication 

alreadyy during primary infection and subsequently a lower viral set-point (38.61). 

MutationsMutations in the CCR5 promotor have also been demonstrated to influence the HIV disease course. 

Inn the CCR5 5'untranslated region (UTR), which consists of three exons and two introns, twelve single 

nucleotidee polymorphisms (SNPs) have been described (48,56,59,63), which may in part, explain 

differencess in basal expression levels of CCR5 among individuals homozygous for the wild type CCR5 

gene.. Among the SNPs in the promoter region of CCR5, a high degree of linkage disequilibrium exists. 
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allowingg the identification of 4 common haplotypes (PI to P4) and 6 rare haplotypes (P5 to P10), 

consistingg of different combinations of 10 SNPs (56). The PI haplotype, including T-2135C was 

associatedd with a more rapid course of disease. SNP G-2459A was independently described to be 

associatedd with a more rapid disease course (59). This SNP is in complete linkage disequilibrium with 

thee T-2135C (2,15,69) and is now considered to be part of the PI haplotype. The association of these 

SNPss with enhanced disease progression was observed in different risk groups, such as homosexuals, 

hemophiliacss and perinatally infected children (2,15,56,59,69). It is likely that these SNPs or linked 

mutationss are involved in the regulation of transcription of CCR5. but results in reporter assays have 

beenn inconsistent thus far (56.59). 

Althoughh a role for CCR2 as a coreceptor for HIV in vivo is not clear, a Valine to Isoleucin transition in 

thee second transmembrane region of CCR2 (CCR2 641) has also been associated with a delayed 

progressionn to AIDS (82). The protective effect of CCR2 641 is similar to the effect of CCR5 A32 

heterozygosityy (36,40,86)(RH of 0.76 in meta-analysis of combined cohorts) (39). The mechanism by 

whichh protection is mediated is still not understood. CCR2 is rarely used as a coreceptor and the mutated 

CCR22 molecule does not alter in-vitro infectability of cells (50,55), therefore it is unlikely that the 

polymorphismm directly influences infection. The mutation in CCR2 is in strong linkage disequilibrium 

withh a single nucleotide polymorphism in the promoter of the CCR5 gene, C-1835T (alternative C927T 

orr C59653T) (48,63) and may thus indirectly be involved in the regulation of expression of CCR5. 

However,, neither basal expression levels of CCR5 nor transcription levels in primary lymphocytes were 

reducedd in CCR2 641 heterozygotes (50,55). An effect on CCR5 expression has been suggested by the 

findingg that re-expression of CCR5 after internalization by N-terminal modified RANTES was less rapid 

inn two of three CCR2 641 heterozygotes (75). An alternative explanation could be the capacity of the 

CCR22 641 protein, but not the WT CCR2 protein, to form dinners with CXCR4 after sensitization with 

thee cognate chemokines (60), thereby reducing the amount of CXCR4 available on the cell surface 

amongg CCR2 641 carriers. This, however, does not explain the finding that CCR2 641 affects the viral 

loadd already early in infection, when in general CXCR4 using viruses have not yet appeared (86). 

AA 2491 280M polymorphism in CX3CR1, the fractalkine receptor which is only used by a minority of 

HIV-11 variants, has been associated with enhanced progression. These two amino acid substitutions 

resultt in a reduced capacity to bind the cognate ligand fractalkine (29). The effect on the course of HIV-1 

infectionn could, however, not be confirmed in three US based cohort studies (58), nor in the Amsterdam 

Cohortt Study on homosexual men (Chapter 3). 

PolymorphismsPolymorphisms in chemokines and the clinical course of HIV-1 infection 

P-Chemokiness can block HIV-1 infection via CCR5 in vitro (16,25,73) and high production levels of 

thesee chemokines have been associated with a less rapid disease course (17,32). In vitro RANTES 
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productionn levels can vary widely among PBMC from different individuals, which in part may be due to 

differencess in genetic make-up of the RANTES gene. Two SNPs were identified within the RANTES 

promoterr region (C-28G and G-403A) (51.57,66) and both SNPs have been associated with increased 

promotorr activity (51). These variants are in strong linkage disequilibrium with a SNP in intron 1 

(Inl . lC)) (91). Both promoter SNPs display increased promoter activity (66), whereas Inl . lC is 

associatedd with a strong down regulation of promoter activity (91). In a cohort of Caucasian homosexual 

menn the -403A -28C haplotype was associated with a reduced progression of disease (57), which could 

nott be confirmed in an analyses of 5 US based cohorts (91). In the latter study, In l . lC was associated 

withh more rapid disease progression in both Caucasians and African Americans. The polymorphisms in 

RANTESS have been associated with an increased risk of homosexual transmission (57) which is in 

agreementt with (91) the finding that CD4+ T cells from exposed uninfected individuals express higher 

levelss of MlP la , MIPlp and RANTES upon in vitro stimulation (73,95). 

Stromall derived factor-1 (SDF-1) is the natural ligand for CXCR4. Homozygosity for a G to A mutation 

inn the 3 ' untranslated region of the SDF-1 gene (SDF-1 3' A) has been strongly associated with delayed 

diseasee progression (92) although this could not be confirmed in other studies (6,11,28,54,63,85). SDF 

3'AA heterozygosity in the mother has been associated with an increased risk for vertical transmission, 

whichh was most pronounced for transmission via breastfeeding (41). 

ChemokineChemokine receptor polymorphisms and The acquisition of SI/X4 HIV-1 variants 

Thee development of X4/ SI HIV-1 variants is a hallmark of disease progression, and their appearance has 

invariablyy been associated with a more rapid progression to AIDS (19,44,47.74). It is still not understood 

whyy X4 variants develop in only 509^ of HIV infected individuals. Factors that could influence the 

developmentt of X4/SI variants could be the structural flexibility of the virus (31). the loss of fitness 

duringg the evolution from R5 to X4 gpl20 (49), selective pressure by levels of CXCR4 antagonists, such 

ass SDF-1 (68) and HIV-1 tat protein (93), and immune control (46). 

Hostt genetic factors have also been associated with the appearance of X4 HIV-1 variants. As compared 

too the CCR5 WT genotypic group, the acquisition of SI variants was delayed in the group of CCR5A32 

heterozygotes.. With the reduced level of virus replication in CCR5 A32 heterozygotes it apparently takes 

moree time for HIV to accumulate the mutations that are required for the NSI to SI transition. D'Acquila 

reportedd seemingly conflicting results in a cross sectional analysis, where an increased prevalence of SI 

HIVV was observed among CCR5 A32 heterozygotes (20). As a consequence of the beneficial effect of 

CCR55 A32 on the clinical course of infection, also in the period when X4 variants are present, an 

enrichmentt for the CCR5 A32 genotype among late stage HIV infected individuals in a closed cohort 

settingg may be expected, which could explain the finding by D*Acquila (20). 

115 5 



Chapter|8 8 

Thee CCR2 641 allele has also been associated with an increased conversion rate toward X4 variants 

(65,86,89).. As this CCR2 641 mutation is linked to the promoter mutation in CCR5, enhanced X4 

conversionn may be due to altered levels or patterns of CCR5 expression. 

Finally,, an IL-4 promotor polymorphism (65) has been associated with enhanced prevalence of SI HIV-1 

variants.. In the Amsterdam Cohort of homosexual men, no evidence for accelerated X4/SI conversion 

ratess in relation to this IL-4 promotor polymorphism could be demonstrated (Chapter 3). 

ConcludingConcluding remarks on host genetic factors and the clinical course of HIV infection 

Thee discrepancy in the results on the effects of polymorphisms between different studies could be related 

too different HIV risk factors in different cohorts. In HIV-1-infected intravenous drug users, hemophiliacs 

andd recipients of contaminated blood (24,77,90) no effect of CCR5 A32 on disease progression was 

observed,, whereas a protective effect was observed among HIV-1-infected children (14,62). It remains to 

bee established whether this is due to differences in study design or whether the effect of CCR5 A32 is 

indeedd dependent on risk group and route of transmission. 

Too conclude whether the influence of a polymorphism on the clinical course of infection has general 

relevance,, meta-analyses should be performed. An international meta-analysis of individual patient data 

fromm 10 well-characterized cohorts of seroconvertors, a relative hazard of 0.74 for progression to AIDS 

wass obtained for CCR5 A32 heterozygosity (39). The same meta-analyses excluded a significant effect 

off SDF-1 3' A on the clinical course of infection. 

Too gain insight in the mechanism of protection of enhancement, differences between small cohorts and 

howw these differences could determine the effect of a genetic factor should be studied more extensively. 

Furthermore,, it is important to emphasize that only a minority of long term non-progressing HIV-1 

infectedd individuals and exposed but non infected individuals, carries known protective alleles and the 

otherr way around, that the presence of a protective allele does not guarantee a benign disease course. 

Otherr mechanisms may contribute to the resistance to infection and disease progression in these 

individualss (72) and the search for (43,84) additional HIV-1 disease-modifying genetic factors should 

continue.. The identification of such genes will not only enhance our understanding of the pathogenesis 

off HIV-1 infection, but hopefully also provide new targets for therapeutic intervention. 

Finally,, it remains to be established whether the genotyping of HIV-1 infected individuals for the 

currentlyy known polymorphisms would be beneficial for their clinical monitoring. In multivariate 

analysis,, CCR5 A32 was indeed an independent marker of disease progression and in this respect, this 

markerr could have additive value on top of measurements of CD4 counts and viral RNA load in plasma. 

However,, in the era of HAART, a prognostic marker should be predictive for therapy success or failure 

ass well. Several studies have shown that a CCR5 A32 heterozygous genotype correlated with an 

improvedd treatment response among treatment naive patients but not in treatment experienced 
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individualss (34,83,94) while others found no significant differences at all (12,13,67). Detailed analyses 

off these studies suggest that a sub-optimal treatment regime can successfully suppress low level virus 

replicationn in CCR5 A32 heterozygotes but in the case of highly suppressive antiretroviral therapy there 

iss no additive effect. 

HIV- 11 biological phenotype 

HIV-1HIV-1 coreceptor use and CD4 cell decline 

Inn genera], HIV-1 infection is established by macrophagetropic NSI variants. These NSI virus variants 

dominatee the asymptomatic phase of infection. With progression of disease, the T-cell tropism of NSI 

variantss increases, coinciding with enhanced viral replication and increasing viral load (80). In 50% of 

infectedd individuals, SI variants evolve from NSI variants. SI conversion is a unique event. After SI 

conversion,, NSI and SI HIV-1 variants co-exist within an individual and ultimately the two variants 

contributee equally to the total viral load (45). The appearance of SI variants in vivo precedes an 

acceleratedd CD4 cell decline and a more rapid disease progression (44). The accelerated decline of CD4 

cellss was initially attributed to an enhanced cytopathicity and replication rate of SI variants (18). Indeed. 

SII variants in general replicate more rapidly and to higher levels than NSI variants and SI infection in 

vitroo results in a stronger depletion of T cells than NSI infection (18,30). 

Withh the identification of CXCR4 as the coreceptor for SI variants and CCR5 as the coreceptor for NSI 

HIV-11 variants, and the differential expression of these chemokine receptors on T cell subsets, the 

cytopathicityy of NSI/R5 and SI/X4 HIV variants needed redefinition. Indeed, NSI/R5 and SI/X4 variants 

weree equally cytopathic for the target cells expressing the appropriate coreceptors, resulting in depletion 

off the corresponding target cells (33). 

CXCR44 is mainly expressed on naive T cells and resting memory cells whereas CCR5 is expressed on 

activatedd memory cells (10). As a consequence, SI/X4 variants have a larger target cell population but 

moree importantly, can also infect naive T cells (9,70). Infection and destruction of naive T cells will 

directlyy interfere with the renewal capacity of this cell population by preventing their clonal expansion. 

Thiss could explain the accelerated CD4 cell loss after the emergence of SI/X4 variants. 

Ann additional mechanism for the accelerated loss of CD4 cells in the presence of SI/X4 variants could be 

inn their capacity to infect and deplete thymocytes more extensively than NSI/R5 variants (8). This 

hypothesiss is supported by the observation that naive CD8 T cell numbers are reduced in carriers of 

SI/X44 variants as compared to carriers of NSI/R5 variants (35). Infection of thymocytes may even 

strongerr interfere with T cell renewal capacity. However, it was recently demonstrated that the CD4 cell 

declinee during SIV infection in thymectomized macaques was indifferent from the decline in shammed 

animals,, excluding a crucial role for the thymus in CD4 cell depletion (4). 
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MechanismsMechanisms for disease progression in the absence ofSI/X4 variants 

Thee presence of only NSI/R5 HIV-1 variants is a characteristic of the asymptomatic phase of infection. 

Individualss who are classified as long term non-progressors also carry only NS1/R5 variants. However, 

inn the presence of NSI/R5 HIV-1 variants, rapid disease progression can occur as well and fifty percent 

off HIV infected individuals develop AIDS in the absence of SI/X4 variants. Comparison of NSI/R5 

HIV-11 variants obtained during long-term asymptomatic infection or during late stage progressive 

diseasee revealed that HIV-1 variants that are associated with a progressive disease course have higher 

replicationn kinetics and give rise to higher viral loads in vivo. These late stage HIV-1 variants have a 

restrictedd CCR5 coreceptor usage (22). However, a decreased sensitivity to p-chemokine mediated 

neutralizationn of late stage NSI/R5 HIV-1 as compared to early isolated NSI/R5 HIV-1 does point to a 

changee in the use of coreceptor CCR5 (Chapter 4). This could either be a change in affinity for CCR5 or 

alternativelyy the usage of other domains of CCR5. Whether this decreased P-chemokine neutralization 

sensitivityy indeed reflects the in vivo escape from inhibition by the natural ligand seems likely but 

remainss to be established. 

Latee stage NSI/R5 HIV were also compared with early R5 variants for their cytopathicity. This was 

performedd in a SCID-hu Thy/Liv mouse model (81), in an ex-vivo lymphoid culture system (Chapter 6) 

andd in peripheral blood mononuclear cells in vitro (Chapter 5). Dependent on the virus isolates that were 

usedd it could be demonstrated that late stage R5 HIV variants were more cytopathic then early obtained 

variantss but even late stage NSI/R5 variants were never as cytopathic as SI/X4 variants (Chapter 5). The 

increasedd cytopathicity of R5 viruses was directly related to virus production in vitro (Chapter 5). 

HIV-1HIV-1 coreceptors as therapeutic targets 

Thee observation that CCR5 and CXCR4 are the major coreceptors has made them targets for therapeutic 

interventionn (5,26,27,64,79). One major concern however is the possibility that coreceptor antagonists 

willl accelerate a switch in coreceptor usage. Antagonists of CCR5 may drive evolution towards CXCR4 

usingg variants. However, although in vitro replication in the presence of coreceptor antagonists indeed 

resultedd in resistant HIV-1 variants this did not coincide with a change in coreceptor usage 

(1,3,23,42,53,78).. In agreement, in individuals heterozygous for CCR5 A32 we did not observe an 

acceleratedd SI conversion rate despite low levels of CCR5 expression (21). It should be noted that the 

riskk for resistance development during treatment with a coreceptor antagonist is of course not unique. 

Treatmentt with any drug may select for viruses with reduced susceptibility. To minimize the chance of 

resistancee development and to maximize anti-viral activity, drugs are currently always being used in 

combination.. Coreceptor antagonists interfere with viral replication at the level of entry and their 

advantagee is that they may have an additive antiviral effect to treatment with inhibitors of reverse 

transcriptasee and protease. 
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Inn untreated HIV infection, we did observe a reduced susceptibility of late stage NSI/R5 variants as 

comparedd to early isolates, for P-chemokine neutralization which did not coincide with a change in 

coreceptorr usage (Chapter 4). This observation fits with the finding that also late stage SI/X4 HIV-1 

variantss have a decreased sensitivity for CXCR4 antagonist AMD3100 (88). It remains to be established 

whetherr these phenomena are related to selection by the natural ligands of the coreceptor or whether they 

reflectt an increasing affinity for the coreceptor, allowing more efficient replication. 

Concludingg remarks 

Itt is clear that the identification of chemokine receptors as coreceptors for HIV-1 has tremendously 

increasedd our understanding of the influence of HIV-1 biological properties on the course of infection. In 

thiss light, the new nomenclature of R5 and X4 for NSI and SI HIV-1 variants, respectively, is completely 

justified,, as it indeed seems that differences in biological properties of HIV-1 can be attributed 

completelyy to the coreceptor usage of these variants (7). The biological conditions that are associated 

withh SI/X4 evolution remain to be established. In addition, post-entry restrictions of HIV-1 replication 

needd to be elucidated further. Only with sufficient knowledge of these processes, a definitive cure for 

AIDSS and prevention of HIV infection may be developed. 
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Thee clinical course of HIV infection is highly variable and determined by host genetic factors and 

biologicall properties of the virus. In the first part of this thesis, two genetic polymorphisms and their 

effectt on AIDS pathogenesis are described. The second part focuses on biological properties HIV, also in 

relationn to disease course. 

Inn Chapter 1, a general introduction is provided on the main characteristics of HIV-1. The natural course 

off infection and variability in the disease course are explained as well as the influence of host and viral 

factorss on this disease course. 

Thee influence of a polymorphism in the promotor of the interleukin-4 (IL-4) gene on the disease course 

inn HIV-1 infected individuals in the Amsterdam Cohort studies on HIV infection and AIDS (ACS) is 

describedd in Chapter 2. This polymorphism was previously described to reduce susceptibility for HIV-1 

infectionn and to enhance the incidence of SI/X4 HIV-1 variants in a Japanese cohort. However in our 

studyy we found no influence of this polymorphism on progression to AIDS or survival. In contrast to the 

Japanesee study, a delayed effect on acquisition to SI/X4 HIV-1 variants was observed. Furthermore 

decreasedd proportions of CCR5 expressing CD4 cells for carriers of the polymorphism were observed. 

Chapterr 3 describes a study on the effect of a polymorphism in the CX3CR1 gene, the fractalkine 

receptor,, previously described to be associated with increased disease progression and AIDS in a French 

cohort.. This association could not be confirmed in North American cohorts. In our study in the ACS the 

associationn between the polymorphism in the CX3CR1 gene and accelerated disease progression could 

alsoo not be confirmed. The frequency of the allele was similar as seen in the other cohorts. 

3-chemokiness are the natural ligands for CCR5, one of the major coreceptors for HIV-1. In Chapter 4, 

thee P-chemokine neutralisation sensitivity of different R5 HIV-1 variants, isolated from HIV-1 infected 

individualss who never developed X4 HIV-1 variants was measured. Viral isolates from Long Term 

Asymptomaticc (LTA) individuals were compared to viral isolates from HIV-1 infected individuals, who 

progressedd to AIDS. Viral isolates were isolated at early and late time points during HIV-1 infection. 

Latee isolates from the same individual were relatively less sensitive to p-chemokine neutralisation. This 

wass evident for individuals who progressed to AIDS. The P-chemokine sensitivity of early and late viral 

isolatee from LTA did not differ significantly. There was no clear correlation between p-chemokine 

neutralisationn sensitivity and HIV-1 RNA load or CD4 count in the patient at the moment of viral 

isolation.. Individuals divided in high RNA load and/ or low CD4 count, had a relatively decreased P~ 

chemokinee sensitivity compared to the group of individuals with low HIV-1 RNA load and/or high CD4 

count. . 

131 1 



Inn chapter 5 the same R5/NSI viral isolates were compared for their cytopathic effect in a system of 

phytohemagglutinn stimulated peripheral blood mononuclear cells (PHA-PBMC). There was a strong 

correlationn between the cytotoxicity of the viruses and the level of virus production, as measured in the 

culturee supernatant. Late viral isolates had in general a higher cytopathicity than the early viral isolates 

fromm the same individuals. This increase was evident in individuals who progressed to AIDS, while early 

andd late viral isolates from LTA individuals did not differ significantly in cytotoxicity. The depletion of 

R5/NSII was mostly visible in the CCR5+CD4+ populations, while the CCR5 CD4+ populations remained 

relativelyy unaffected. 

Inn Chapter 6, the cytopathicity of R5/NSI viral isolates was studied in relation to disease progression in 

ann ex vivo lymphoid culture system was. The cytopathicity of viral isolates of patients with a progressive 

diseasee course was compared with viral isolates from LTA. No difference could be observed between 

R5/NSII viral isolates from the different time points. R5/NSI infection in general resulted in a depletion 

off the CD4+CCR5+ cells in the CD45RO+ T lymphocyte fraction. 

Inn chapter 7 the cytopathicity for R5/NSI and X4/SI HIV variants were compared for different CD4 

subsets.. Infection with an R5/NSI variant resulted in depletion of the CCR5+CD4+ lymphocyte fraction, 

whilee X4/SI infection depleted all CD4 subsets. The CD27" memory T lymphocyte subset was first 

depletedd whereas depletion of naive T cells was relatively slow. Staining for intracellular P24, the viral 

coree protein, revealed that productive infection of NSI/R5 HIV isolates was limited to the memory 

fraction,, while SI/X4 infection could be demonstrated also in the naive T lymphocyte fraction. Using 

CFSEE and BrdU labeling, division of naive CD4+ T cells after PHA stimulation, without an immediate 

differentiationn to the memory T lymphocyte phenotype, could be observed. 

Inn chapter 8, a general discussion on the findings in this thesis in relation to the progress in the field of 

AIDSS research is given. 
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Hoofdstukk 1 bevat de inleiding in het onderwerp van dit proefschrift. Hierin worden kenmerken van het 

virus,, het natuurlijk ziektebeloop, variabiliteit in het ziektebeloop en de invloed van zowel 

gastheerfactorenn als van virale factoren op de ziekteprogressie besproken. 

Hoofdstukk 2 beschrijft een studie naar de invloed van een polymorfisme in de promoter van het 

interleukinee 4 (IL-4) gen op het ziektebeloop in HIV geïnfecteerde deelnemers aan de Amsterdamse 

Cohortt Studies. Tevens is de invloed van dit polymorphisme op het verkrijgen van zogenaamde SI/X4 

HIV-11 varianten bestudeerd. Eerder is dit polymorfisme in een Japans cohort geassocieerd met een 

gedeeltelijkee bescherming en een versnelde acquisitie van SI/X4 HIV-1. In het Amsterdamse Cohort 

bleekk deze associatie niet aantoonbaar en werd juist een vertraagde acquisitie van SI/X4 HIV-1 varianten 

waargenomenn voor mensen met dit polymorphisme. Tevens werd er geen invloed waargenomen van dit 

polymorphismee op ziekteprogressie naar AIDS. 

Hoofdstukk 3 beschrijft het effect van een polymorphisme in CX3CR1, de fractalkine receptor. Dit 

polymorfismee was in een Frans cohort geassocieerd met versnelde ziekteprogressie en AIDS. Deze 

associatiee kon niet worden bevestigd in meerdere cohorten in de Verenigde Staten. Ook in het 

Amsterdamsee Cohort van Homosexuele mannen vonden wij geen indicatie voor een versnelde progressie 

inn dragers van dit allel. De frequentie van dit allel kwam verder overeen met de andere cohorten. 

Inn hoofdstuk 4 wordt een studie beschreven naar de betachemokine neutralisatie gevoeligheid van R5 

HIVV varianten geisoleerd uit individuen die nooit X4 HIV varianten hebben ontwikkeld. Er werd 

gekekenn naar virusisolaten afkomstig van zowel HIV geinfecteerden met een asymptomatisch beloop 

vann ruim 9 jaar ("long term asymptomatic",LTA) als van patiënten met progressief beloop. Virusisolaten 

warenn afkomstig van relatief vroege en late momenten tijdens de HIV infectie. Ten opzichte van 

virusisolatenn die vroeg in de infectie waren verkregen bleken de laat verkregen isolaten afkomstig van 

hetzelfdee individu een verminderde [3-chemokine neutralisatie gevoeligheid te hebben. Dit was het meest 

duidelijkk in de individuen met een progressief ziektebeloop. De p-chemokine neutralisatie gevoeligheid 

vann vroege en late virusisolaten van LTA was nauwelijks verschillend. Er was geen duidelijke correlatie 

tussenn verminderde (3-chemokine neutralisatie gevoeligheid van de virussen en HIV-1 RNA load of CD4 

aantall in de patient op het moment van virusisolatie. Individuen ingedeeld naar hoog (> 4) RNA load 

en/off laag (<0.65) CD4 aantal, bleken een relatief verminderde betachemokine gevoeligheid te hebben 

tovv de groep individuen met lage HIV-1 RNA load en/of hoog CD4 aantal. 

Inn hoofdstuk 5 is de cytopathiciteit van R5/NSI virusisolaten, die vroeg of laat zijn verkregen tijdens 

langdurigee asytnptomatische danwei progressief verlopende HIV infectie, vergeleken in PHA-PBMC in 
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vitro.. Per patient werden meerdere virusisolaten per tijdpunt getest. Er werd een sterke correlatie gezien 

tussenn de cytotoxiciteit van virussen en de hoeveelheid virusproduktie in het supernatant. De late 

virusisolatenn hadden een hogere cytopathiciteit dan de vroege isolaten van hetzelfde individu. Dit bleek 

hett sterkst in individuen met een progressief ziektebeloop. R5/HIV infectie resulteerde met name in een 

depletiee van de CCR5+CD4+ cellen, terwijl de fractie van CCR5"CD4+ relatief gespaard bleef. 

Hoofdstukk 6 beschrijft een studie naar de cytotoxiciteit van R5/NSI virusisolaten in relatie tot het 

ziektebeloopp uitgevoerd in een ex vivo lymphoid culture systeem. De cytotoxiciteit van virusisolaten van 

patiëntenn met een progressief ziektebeloop werden vergeleken met die van LTA. Er was geen 

waarneembaarr verschil tussen R5/NSI virusisolaten al naar gelang het tijdspunt van isolatie of stadium 

vann ziekte. R5/NSI infectie resulteerde voornamelijk in de depletie van CD4+CCR5+ cellen in de 

CD45RO++ T lymfocyt fractie. 

Inn hoofdstuk 7 is de cytotoxiteit van R5/NSI varianten en X4/SI HIV varianten vergeleken voor 

verschillendee CD4+ subsets. Celdepletie als gevolg van de R5/NSI infectie beperkte zich voornamelijk 

tott de CCR5+ fractie terwijl de X4/SI virusisolaten alle CD4+ subsets depleteerden. Verder werd er na 

infectiee een snellere daling gezien van CD27 memory cellen en bleven de naive cellen het langst 

gespaard.. Het aankleuren van intracellulair p24, een eiwit van HIV, toonde aan dat de infectie met 

NSI/R55 HIV isolaten zich voornamelijk beperkt tot de memory fractie terwijl SI/X4 ook substantieel de 

naïevee fractie kan infecteren. 

Mett behulp van CFSE kon worden aangetoond dat de naïeve T cellen hadden gedeeld na PHA stimulatie 

maarr dat dit niet direct gepaard ging met het verlies van het naïeve fenotype. De cellulaire factoren die 

aanwezigg zijn in delende cellen zijn waarschijnlijk essentieel voor de HIV replicatie. 

Inn hoofdstuk 8. de algemene discussie worden de bevindingen gedaan in dit proefschrift in het 

perspectieff gezet van de huidige stand van zaken in het AIDS onderzoek. 

136 6 



Listt of publications 

Davidd Kwa. Jose Vingerhoed, Brigitte Boeser-Nunnink, Silvia Broersen. and Hanneke Schuitemaker. 
Cytopathicc Effects of Non-Syncytium-Inducing and Syncytium-Inducing Human Immunodeficiency 
Viruss Type 1 Variants on Different CD4+-T-Cell Subsets Are Determined Only by Coreceptor 
Expression. . 
J.. Virol. 2001 75: 10455-10459. 

Jasonn F. Kreisberg, David Kwa, Birgit Schramm, Verena Trautner, Ruth Connor, Hanneke 
Schuitemaker,, James I. Mullins, Angélique B. van't Wout, and Mark A. Goldsmith 
Cytopathicityy of Human Immunodeficiency Virus Type 1 Primary Isolates Depends on Coreceptor 
Usagee and Not Patient Disease Status 
J.. Virol. 2001 75: 8842-8847. 

Lyndlee Gradoville, David Kwa. Ayman El-Guindy, and George Miller 
Proteinn Kinase C-Independent Activation of the Epstein-Barr Virus Lytic Cycle 
J.. Virol. 2002 76: 5612-5626. 

Davidd Kwa. Brigitte Boeser-Nunnink, and Hanneke Schuitemaker 
Lackk of evidence for an association between polymorphism in CX3CR1 and clinical course of HIV 
infectionn or virus phenotype evolution 
AIDS,, in press. 

Davidd Kwa, Ronald P. van Rij, Brigitte Boeser Nunnink, Jose Vingerhoed. and Hanneke Schuitemaker 
Associationn between an interleukin-4 promoter polymorphism and the acquisition of syncytium inducing 
CXCR44 using human immunodeficiency virus type 1 variants 
Submittedd for publication 

Davidd Kwa, Jose Vingerhoed. Brigitte Boeser. Hanneke Schuitemaker 
Increasedd in-vitro Cytopathicity of CCR5 restricted Human Immunodeficiency Virus type 1 primary 
isolatess correlates with a progressive clinical course of infection 
Submittedd for publication 

Jaapp Goudsmit. Mark Geels, Hanneke Schuitemaker. Kiersten Anderson, David Kwa, Jolanda Maas, 
Ellyy Baan. Fokla Zorgdrager. Remco van den Burg, Martijn van Beelen, Vladimir Lukashov, John 
Dekker,, Sheri Dubey, Tong-Ming Fu, John Shiver & Marion Cornelissen 
Identificationn of a combination of HIV gene- and epitope-specific T-cell responses associated with 
controll of viremia in natural HIV infection based on a map of escape mutations 
Submittedd for publication 

Shaileshh K. Choudhary, Katherine C. Kimbrell, Jonathan Colasanti. David Kwa, Hanneke Schuitemaker 
andd David Camerini 
Primaryy CCR5 Tropic HIV-1 clones are Cytopathic in Fetal Thymic organ Culture 
Submittedd for publication 

137 7 





Dankwoord d 

Hierbijj wil ik iedereen bedanken die heeft bijgedragen aan het werk in dit proefschrift. Het is moeilijk 
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Allereerstt Patricia, mams, familie en vrienden, bedankt voor al jullie steun. 
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Enn ook wil ik nog alle anderen bedanken die een belangrijk aandeel hebben gehad, maar die ik vergeten 

benn verder bij name te noemen. 

Tott slot..., Hanneke. hoe kan ik je ooit nog bedanken (hoeveel avonden je niet voor mij hebt 
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Stellingenn behorende bij het proefschrift 

Hostt  and viral factors in AIDS pathogenesis 

1.. NSI virussen kunnen net zo cytopathisch zijn als SI virusvarianten voor de CCR5+ CD4+ cellen 
(Grivel,, J.-C. and D.B. Margolis. Nat Med 1999;5:344-346 en dit proefschrift) 

2.. De rol van de-589T IL-4 promoter polymorphisme is vooralsnog zowel omstreden bij asthma als bij 
HIV- 11 ziekteprogressie en ontwikkeling van SI varianten 
(ditt proefschrift) 

3.. NSI varianten onderling verschillen niet veel in totaal cytopathisch vermogen maar kunnen wel 
verschillenn in replicatiesnelheid 
(ditt proefschrift) 

4.. Hoewel steeds duidelijker wordt dat zowel genetische als immunologische factoren een rol spelen in de 
pathogenesee van HIV infectie, blijft de invloed van het biologisch fenotype van HIV onomstotelijk 
vaststaan n 
(ditt proefschrift) 

5.. De basis voor evolutie van meer virulente HIV-1 varianten gedurende de ziekteprogressie wordt 
onderbouwdd door het S1V model 
(Kimata.. J.T. et al. Nat Med 1999;5:535-541) 

6.. Kritiek/ commentaar geven wordt vaak pas echt constructief als men ook mede op zoek gaat naar een 
oplossing g 

7.. Het principe van "trial-and-error" is alleen goed toepasbaar als men niet bang is om fouten te maken. 

8.. Meer tijd en aandacht voor de patient is bevorderlijk voor zowel de behoeftes van Mens, Medicus en 
Maatschappij j 

9.. De beste en meest waardevolle wijsheid die een mens zich eigen kan maken is nog altijd de 
levenswijsheid d 

10.. God must be a Funny Guy 

Davidd (Ing Swan) Kwa, 2002 
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