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Chapterr 10 Genera! Discission 

 Determinants of host HIV- 1 susceptibility and R5 HIV- 1 evolution 

Thee identification of chemokine receptors as coreceptors for HIV-1 has enhanced our 

understandingg of the cellular entry process and pathogenesis of HIV-1 infection. It also 

providedd new targets for antiviral therapy and coreceptor specific HIV-1 entry inhibitors are 

currentlyy applied in clinical trials. In this concluding chapter some aspects of HIV-1 

coreceptorr usage and R5 evolution, and the potential consequences of this evolution for the 

efficacyy of HIV-1 entry inhibitors wil l be discussed. Successful treatment of infected 

individualss could help to prevent spread of HIV-1 infection. Great effort is put into the 

developmentt of an efficacious vaccine or other means to reduce spread of infection to new 

hosts.. Research on exposed but persistently HIV-seronegative individuals may provide clues 

aboutt the features that influence host HIV- ! susceptibility. Some of these features wil l also be 

discussed. . 

 Infection of a new host 

 R5 variants early in infection 

CCR55 [3] and CXCR4 [4] are the most commonly used coreceptors for HIV-1. Infection is 

generallyy established by macrophage-tropic CCR5-using (R5) HIV-1 variants [10]. In about 

halff  of infected individuals, development of AIDS is preceded by the development of CXCR4 

usingg variants. In those individuals, R5 variants evolve towards CXCR4-using variants (X4). 

Thee presence of these X4 HIV-1 variants is associated with an accelerated CD4 T cell decline 

andd faster disease progression [13,248]. Both viral and host factors are thought to influence 

thee observation that X4 variants emerge only in about half of the infected individuals while 

thee other half of infected individuals progress to AIDS in the presence of only R5 HIV-1 

variants,, as is discussed in chapter 2. 

Thee observation that early in infection generally only R5, macrophage-tropic HIV-1 variants 

aree found may be explained in several ways. One explanation could be that these variants are 

preferentiallyy transmitted to a new host. Expression patterns of CCR5 and CXCR4 in the 

mucosaa would favour transmission of R5 variants as it is densely populated with dendritic 

cellss (DCs) and T cells that express CD4 and CCR5 but only low levels of CXCR4 [195,332-

336].. However, also in vertical transmission of HIV-1 from mother to child or after needle 

sharing,, generally only R5 variants are found early in infection. This implies that preferential 

transmissionn of R5 variants due to high levels of CCR5 expression in the genital and rectal 

mucosaa cannot fully explain the phenomenon as it is independent on the transmission route. 

Selectivee outgrowth of R5 viruses after transmission of both R5 and X4 variants (or a 

selectivee inhibition of X4 variants early in infection) provides an alternative explanation. 

Antigenn presenting cells (APC) such as macrophages and DCs are believed to play an 

importantt role in HIV-1 transmission. APCs capture incoming pathogens or their antigens, 
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transportt them to regional lymph nodes and there present them to T and B cells for the 
initiationn of adaptive immune responses. DCs such as Langerhans cells can be infected by 
macrophage-tropicc HIV-1 variants but can also capture the virus without becoming infected 
byy binding of HIV-1 to lectins on the cellular surface [85,86,337-345]. HIV-1 can be 
efficientlyy transmitted from APCs to CD4+ T cells when they are in close interaction during 
antigenn presentation and subsequent T cell activation [86,346,347], possibly favouring 
macrophage-tropicc R5 variants because of the high level of CCR5 expression on activated T 
cells. . 

Individualss who lack CCR5 expression due to a defective CCR5 gene (CCR5-A32 

homozygouss individuals) are highly resistant to HIV-1 infection [62,63,197,198], illustrating 
thatt X4 variants are not easily transmitted. However, transmission of X4 HIV-1 variants has 
beenn reported, including cases of X4 HIV-1 transmission to CCR5-A32 homozygous 
individualss [90,92,94,120,348,349]. Interestingly, the X4 variants that were transmitted in two 
casess of parenteral transmission, were found to be macrophage-tropic, confirming a role for 
macrophage-tropismm in transmission efficiency (chapter 3, [41,348]). Selective outgrowth of 
R55 variants after transmission of both R5 and X4 variants [107,350], illustrates that even 
thoughthough both R5 and X4 variants may be transmitted, R5 variants compete out X4 variants in 
thee earliest stages of infection. 

Thee observed selective outgrowth of R5 variants early in infection may be partly due to high 
CCR55 expression of activated T cells and preferential replication of R5 variants in the gut-
associatedd lymphoid tissue (GALT) (reviewed in [351,352]). Even though X4 variants are 
reportedd to have a higher replication rate in stimulated cultures in vitro than R5 variants [16], 
R55 variants show higher viral production at in vitro infection of CD3/CD28-costimulated 
CD4CD4TT T cells [353]. Moreover, chimpanzees infected with X4 variants demonstrate a 1-2 logs 
lowerr viral RNA load than those infected with R5 HIV-1 variants [354]. Thus, X4 variants are 
veryy destructive and virulent after emergence during HIV-1 disease progression (discussed in 
chapterr 2), but they may be out competed by R5 variants early in infection because of lower 
targett cell availability and a lower viral production in vivo. 

 R5 phenotype evolution 

 Continual evolution ofR5 HIV-1 during disease progression 

RANTES,, MlP-la and MIP-1|3 are natural ligands for CCR5. They down regulate CCR5 
expressionn and inhibit R5 HIV-1 replication [3,216-218]. We first reasoned that high 
RANTESS production and subsequent down regulation of CCR5 expression may favour the 
emergencee of X4 variants. However, we observed no differences in RANTES production of in 
vitroo stimulated PBMC from individuals who do or do not show the emergence of X4 variants 
beforee progression to AIDS (unpublished data). In line with this, no correlation was observed 
betweenn CCR5 expression level and the emergence of X4 variants, nor did CCR5-A32 

heterozygouss genotype predict the emergence of X4 variants [115]. In contrast, HIV-1 
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infectedd individuals with a CCR5-A32 heterozygous genotype have slower disease 

progressionn and show a delayed X4 emergence compared to CCR5 wild type individuals 

[355].. These data indicate that low CCR5 expression reduces the level of viral replication, and 

delayss X4 emergence and disease progression. 

Comparisonn of R5 HIV-1 variants isolated at a relatively early and late time point from 

individualss who progressed to AIDS in the absence of X4 variants, demonstrated the 

developmentt of more cytopathic variants with higher replication rates in the course of disease 

progressionn [253]. Interestingly, both R5 and X4 variants demonstrate a decrease in 

sensitivityy to coreceptor antagonists in the course of progressive HIV-1 infection in the 

absencee of therapy (chapter 4, [119,234]). The evolvement of R5 variants with reduced 

sensitivityy to RANTES and the CCR5-specific small-molecule inhibitor AD 101 in individuals 

whoo progress to AIDS in the presence of only R5 variants may be a direct effect of RANTES-

mediatedd selection pressure. HIV-1 infected individuals show high levels of RANTES 

expressionn [219,221]. However, it is not likely that the decrease in sensitivity to the CXCR4-

specificc small-molecule inhibitors AMD3100 and T22 of X4 variants is caused by selection 

forr resistance to SDF-la, the natural ligand to CXCR4. No difference was observed in 

sensitivityy to SDF-la mediated inhibition between early and late X4 variants. Moreover, most 

X44 variants are not sensitive to SDF-la mediated inhibition in vitro. As an alternative 

explanation,, we propose that the decreasing sensitivity to coreceptor antagonists in both R5 

andd X4 evolution is a reflection of selection for virus variants with more efficient cellular 

entry,, either by enhanced (co)receptor usage or fusion kinetics. 

Individualss who harbour one defective CCR5 allele {CCR5-A32 heterozygous individuals) 

andd have only R5 variants, generally harboured R5 variants which were less sensitive for 

RANTESS inhibition than CCR5-A32 wild type individuals (chapter 4). These individuals 

generallyy have lower CCR5 and higher RANTES expression levels which may drive selection 

forr R5 variants with more efficient CCR5-usage. In accordance, analysis of the variable 

regionss of gpl20 from CCR5-A32 heterozygous individuals presented evidence of positive 

selectionn pressure (chapter 6). Furthermore, a higher rate of accumulation of mutations was 

detectedd in R5 variants from individuals with rapid disease progression compared to R5 

variantss from individuals who did not progress to AIDS during follow-up. However, there are 

conflictingg results on the relation between evolution of the viral envelope and disease 

progressionn [242,356-358]. Nevertheless, these data illustrate the continuous adaptation of the 

viruss to the host environment (as is also illustrated by the viral escape from cellular and 

humorall  immune responses). 

 Coreceptor-specific entry inhibitors 

Entryy inhibitors specific for CCR5 and CXCR4 are currently tested in human clinical trials 

[32-35].. As with all anti-HIV drugs, the clinical efficacy of entry inhibitors wil l be limited in 

mono-therapyy by selection for drug-resistant variants. Regarding the extreme variability of the 
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envelopee protein, HIV-1 variants insensitive to drugs targeting (co)receptor binding may 
evolvee relatively fast during mono-therapy. Since the emergence of X4 variants is associated 
withh a faster disease progression [13], a major concern about the clinical application of R5 
entryy inhibitors has been that these may induce drug resistance by acquisition of CXCR4-
usage.. However, a study on in vitro HIV-1 escape from AD101 showed that the selected 
ADD 101-resistant virus remained dependent on CCR5-usage [227], arguing against the 
acquisitionn of CXCR4 usage as an escape mechanisms from R5 inhibitors. The selected 
ADIOl-escapee mutant in this study was partially resistant to RANTES. Interestingly, in vitro 
escapee from X4 inhibitor AMD3100 of an X4 virus isolate was mediated by a shift from 
CXCR44 to CCR5-usage [359], indicating that HIV-1 variants may demonstrate a shift in 
coreceptor-usagee in escape from coreceptor-specific entry inhibitors. 

Ass discussed above, also in the absence of therapy, R5 and X4 variants with decreased 
sensitivityy to R5 inhibitors and X4 inhibitors, respectively, may emerge in the natural course 
off  infection (chapters 4 & 5, [234]). The clinical relevance of these data is not easy to 
interpret.. Even if decreasing sensitivity for entry inhibitors is associated with disease 
progression,, this does not necessarily mean that higher affinity for HIV-1 (co)receptors, or 
entryy efficiency in general, results in faster disease progression. Disease progression and 
decreasedd sensitivity to entry inhibition of HIV-1 variants may be simultaneous effects of a 
commonn cause. Evolvement towards higher entry efficiency in disease progression may be a 
consequencee of more rapid evolution in progressive infection, for instance due to high virus 
replicationn rates or a lack of restricting selection pressure due to failing immune responses. 

Thee clinical relevance of the decrease in sensitivity to coreceptor-specific entry inhibitors in 
thee natural course of infection may be negligible. The sensitivity of primary virus variants to 
coreceptor-specificc entry inhibitors shows broad variation between patients and the observed 
shiftt in sensitivity to the small-molecule inhibitors was relatively small. Furthermore, the 
serumm levels of SCH-D (a molecule related to AD 101) and AMD3100 observed in clinical 
trialss are higher than the maximum concentrations used in our studies (J. Strizki personal 
communications;; [34]). Whether clinical application of R5 inhibitors may favour a shift in 
coreceptorr usage from CCR5 to CXCR4 in vivo and whether the observed decreased 
sensitivityy to coreceptor-specific entry inhibitors may influence clinical efficacy of these 
inhibitorss can only be concluded in clinical trials. However, administration of multiple active 
drugss will significantly reduce viral escape. 

Itt is of note that viral evolution patterns and mutations throughout the envelope gene are 
relativelyy patient specific. Specific mutations are highly associated with change of coreceptor 
usagee from R5 to X4 and certain patterns are reported to be related to disease progression 
(reviewedd in chapter 2). But furthermore, patients show different mutational patterns in 
diseasee progression (chapter 5, unpublished results Koning et al. and Stalmeijer et al.) and 
specificc mutations may have different effects in different genomic backgrounds. This implies 
thatt conclusions drawn from mutagenesis studies with molecular HIV-1 clones should be 
regardedd with care because their relevance for other HIV-1 clones may be relatively limited. 

4 4 
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Moreover,, in comparison to drugs that target viral proteins (like reverse transcriptase 
inhibitors),, it may be complicated to resolve genetic determinants for sensitivity to 
coreceptor-specificc entry inhibitors because of the variability in the envelope protein and 
variabilityy in sensitivity between HIV-1 variants. Therefore, phenotypic screening of 
resistancee to entry inhibitors may be the preferred alternative. 

Entryy inhibitors may also be applicable as topical microbicides. Microbicides are agents that 
cann be locally applied to inhibit the sexual transmission of HIV-1 and may be especially 
practicall  for vaginal use by women who do not have control over condom use (despite the fact 
thatt education and emancipation may also help on this issue.) Local administration of high 
concentrationss of entry inhibitors, that may target the cellular (co)receptors or the viral 
envelopee preventing its binding to the epithelium and target cells, may neutralise incoming 
viruss particles lowering the probability of successful HIV-1 transmission. Indeed, it has been 
reportedd that such microbicides inhibit transmission of vaginally applied SHIV in macaques 
[360,361]. . 

 Determinants of host HIV- 1 susceptibility 

 Many factors involved 

Somee people remain persistently seronegative despite high-risk exposures to HIV-1. These 
includee children born from infected mothers [266-271], haemophiliacs treated with 
contaminatedd blood products [276-278], needle-sharing drug abusers [301,362,363] and 
individualss with HIV-positive sex partners [199,231,272-275,279-283]. Some research on the 
underlyingg mechanism of the apparent resistance to full-blown HIV-1 infection in Amsterdam 
cohortt study (ACS) participants with high-risk sexual behaviour has been included in this 
thesis.. These homosexual men have remained persistently HIV-seronegative and are termed 
high-riskk seronegative individuals (HRSN). Samples from ACS participants who did become 
HIV-seropositivee during follow-up were used as pre-seroconversion (pre-SC) controls. 
Togetherr with what we can learn from monkey animal models to study HIV/SIV transmission 
andd in vitro models using human mucosal tissues this line of research may help to find clues 
too design strategies to interfere with transmission of the virus to a new host. 

Inn some cases a lack of HIV-1 transmission despite exposure to the virus may be caused by 
factorss in the potential virus donor. Low viral load, high CD4 counts and the presence of 
mucosall  antibodies in the infected individual have been associated with lack of transmission 
[266-268,280,364].. However, several factors in the uninfected individual may also play a role. 
Thesee may include: the level of CCR5 coreceptor expression and its ligands; polymorphisms 
inn other attachment molecules like DC-SIGN; HLA polymorphisms; antibody responses; 
cellularr immune responses; genital ulceration and pre-existing inflammation due to local 
infections;; immune activation levels and possibly even expression levels of cellular factors 
thatt influence HIV-1 replication like APOBEC or TRIM proteins. Below some of the factors 
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thatt have been associated with resistance to HIV-1 infection will be discussed, other factors 

thatt may also influence HIV-1 susceptibility are beyond the scope of this discussion. 

 CCR5 and its ligands 

Homozygosityy for a 32 base pair deletion in the CCR5 gene renders individuals highly 
resistantt to HIV-1 infection [62,63,197,198]. These people do not express CCR5 on the 
cellularr surface and therefore cannot be infected by R5 HIV-1 variants. Individuals 
heterozygouss for the CCR5-A32 allele generally express lower levels of CCR5 and show 
higherr levels of RANTES production [199], Different studies have reported that individuals 
withh the CCR5-A32 heterozygous genotype were less likely to be HIV-seropositive than wild 
typee individuals [255,309,310,365] and certain CCR5 promoter polymorphisms may also be 
associatedd to resistance to infection [255,310]. Moreover, many studies have shown a high 
RANTESS production level of PBMC from HRSN after in vitro stimulation compared to 
controlss {chapter 7 [199,220,221,273,276,279]). These data illustrate a role for the level of 
CCR55 expression or concomitant RANTES expression levels in HIV-1 susceptibility. Even 
thoughh CD8' T cells generally produce higher levels of RANTES, a possible direct influence 
off  RANTES (and MlPla and MIP-lb) production levels on HIV-1 susceptibility is most 
likelyy the result of RANTES production by CD4* T cells, which would give autologous 
protectionprotection from R5 infection. High levels of RANTES production by CD4+ T cells have been 
reportedd in HRSN ([199,220,232,279], unpublished results Koning et al). However, also 
another,, more specific CD8+ T cell factor has been reported to specifically inhibit HIV-1 
replicationn in vitro and is suggested to influence HIV-1 susceptibility [366]. 

 HIV-specific CTL 

HLAA plays a central immunoregulatory role and several HLA gene polymorphisms have been 
associatedd with resistance to sexual transmission of HIV-1 [273,289-294]. HIV-1 specific 
cytotoxiccytotoxic T lymphocytes (CTL) have been identified in many exposed seronegative 
individuals,, implying that repeated exposure to HIV-1 may lead to protective immunity 
mediatedd through the HLA class I pathway [272,295-301]. HIV-1 specific CTL are known to 
playy a major role during HIV-1 infection and disease progression and they may also play a 
rolee in protection from HIV-seroconversion. However, the number of HIV-specific CTL in 
PBMCC from HIV-seronegative individuals is much lower than the number in seropositive 
individualss and the detection of HIV-specific CTL in seronegative individuals is not 
necessarilyy associated with protection from infection [318,319,321]. The latter is illustrated 
byy cases of seroconversion despite pre-existing HIV-specific CTL responses. 

Inn chapter 7, we report the detection of HIV-specific CTL in seronegative individuals who 
laterr become HIV infected, so called pre-seroconversion controls. More detailed analysis of 
seroconversionn despite pre-existing HIV-1 specific CTL was performed in a study on HIV-

11 16 
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resistantt prostitutes in Nairobi [319]. Seroconversion was found to occur in the absence of 

detectablee CTL escape-mutations. Still, it was associated with a reduction of sex work over 

thee preceding year and therefore the authors reasoned that the seroconversion of these female 

sexx workers might be related to a waning of HIV-specific CTL responses due to reduced 

antigenicc exposure. Even though we did not detect any differences between the breadth and 

levell  of HIV-specific CLT responses between HRSN and pre-SC controls, it cannot be 

excludedd that certain specific CTL responses are related to protection from infection. 

Apartt from CTL responses, other innate and acquired cellular immune responses such as 

naturall  killer cells [367,368] and HIV-specific CD4' T cell responses [369] have also been 

suggestedd to play a role in protection to infection. Different factors may be involved 

concerningg the supposed role of cellular immune responses in resistance to HIV-1 infection. 

Thesee may include the level of the response, the epitopes against which the response is 

targetedd (specificity), functionality of the response and the location of the HIV-specific 

immunee cells. No undisputed reports of elimination of the virus following full-blown 

systemicc infections are known to us, illustrating that it may be near to impossible for the 

immunee system to eradicate the virus once overt infection has set in. However, HIV-specific 

immunee cells and antibodies situated at the port of initial infection, generally the mucosa in 

sexuall  transmission, may inhibit local virus replication after viral transmission to the new host 

therebyy preventing high level virus replication and subsequent seroconversion. 

 HIV-positive seronegatives, what's in a name? 

Occasionallyy reports have been made of transient or silent HIV-1 infection [289,329,370-

373].. However, the explanations of these observations remain controversial [374]. In 2003 

Zhuu and colleagues reported the detection of HIV-1 DNA in 2 out of 10 exposed seronegative 

(ES)) individuals [327]. In these 2 ES they detected HIV-1 DNA levels as low as 0.05 copies 

perr million resting CD4+ T cells. We were able to detect a high prevalence of HIV-1 DNA in 

PBMCC from seronegative ACS participants at risk for infection (chapter 9). In 5 out of 6 

HRSNN and 5 out of 5 seronegative individuals who later seroconverted HIV-1 DNA was 

detected.. The latter illustrated that the presence of the extraordinary low levels of HIV-1 DNA 

iss not a feature exclusive for HRSN. 

Zhuu et al. suggested that the persistence of low levels of HIV-1 DNA in seronegative 

individualss who have sex with a steady seropositive partner may be a reflection of extremely 

welll  controlled infection [327], implicating that the infection is actively kept at bay by the 

immunee system. Furthermore, they suggested that the immune control may be specific for the 

partner'ss HIV-1 variants, since upon seroconversion of these previously ES individuals they 

aree found to be infected with HIV-1 variants unrelated to those found in their steady partner 

[375].. The HIV DNA sequences detected in the ES were found to be homogenious over time 

[327]]  indicating an absence of evolutionary selection. It is unclear if viral replication takes 

placee in these individuals as the DNA load is far below limits of detection of standard assays. 

11 17 



(icnerall  I)i^cu>>ion 

Inn our study the individuals who later seroconverted were selected for the presence of 

detectablee HIV-specific CTL. However, only 2 of the 5 HIV DNA positive HRSN had 

detectablee HIV-specific CTL using enzyme-linked immunospot assay. This indicates that the 

loww levels of HIV-1 detected in these seronegative individuals do not necessarily lead to 

detectablee CTL responses. 

Thee HRSN in the studies presented in this thesis are not selected on the basis of a steady HIV-

11 positive partner, but on the basis of reported high-risk behaviour before January 1996, when 

highlyy active antiretroviral therapy (HAART) was introduced. If ES individuals are selected 

onn the basis of a single HIV-1 positive partner, it remains a possibility that the lack of HIV-1 

transmissionn is due to factors in the infected partner. Also, efficacious antiretroviral therapy 

significantlyy reduces the viral RNA load reducing the infectivity of an HIV-positive sex 

partner.. On the other hand, selection for ACS participants with high-risk behaviour before the 

introductionn of HAART renders it impossible to access the level of HIV-1 exposure. 

Wee speculate that the detected HIV DNA may be evidence of previous 'dead-end1 HIV-1 

transmissionn due to insufficient levels of replication in the first stages of infection. This may 

eitherr be due to HIV-specific immune responses, innate immune responses or low availability 

off  activated target cells at the site of infection. Low levels of HIV-1 DNA detected many 

yearss before seroconversion in exposed seronegative individuals who later seroconvert imply 

thatt such cryptic infections may occur relatively often. Possibly, the extraordinary low levels 

off  HIV DNA result from the encounter of attenuated HIV-1 variants. Alternatively, one could 

reasonn that these cryptic infections are a testimony of failed adaptation of the virus that is 

requiredd to establish high level, systemic infection in a new host. Transmission efficiency of 

HIV- 11 is rather low, with an estimated seroconversion probability of 0.001 for each 

heterosexuall  vaginal intercourse [376] and 0.82 for each receptive anal intercourse [377]. 

Thee detection of HIV-1 DNA in such a high proportion of ACS participants with high-risk 

behaviourr between 1983 and 1996 (before the introduction of HAART) is truly remarkable. 

Sincee HIV-1 DNA is detected, obviously these individuals cannot be termed 'uninfected'. 

However,, these seronegative individuals do not have any known symptom of infection and 

theyy test negative for HIV specific antibodies in regular diagnostic tests. As mentioned above, 

thee extraordinary low level of HIV-1 DNA and the reported homogeneity over time do not 

pointt towards viral replication. Still, differences in opinion about how to explain this 

observationn may be partially of semantic nature. Terming it 'controlled infection' implies 

activee host's immune response which holds HIV-1 replication in check, while 'dead-end 

infection'' implies the absence of residual viral replication. Both terms may not be fully 

adequate. . 

 Immune activation and host HIV-1 susceptibility* 

Activatedd CD4* T cells produce more HIV-1 particles after infection than resting CD4+ T 

cellss [89,322,378]. Therefore, we hypothesized that the level of immune activation and 
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Mucosall surface 

Lymphoidd tissue 

Figur ee 1 Central role for activated CD4+ T cells in HIV-1 susceptibility. 

HIV-11 that crosses the mucosal barrier may infect dendritic cells, macrophages, and both resting 
andd activated CD4+ T cells. Most of the productively infected cells initially are resting CD4+ T cells 
becausee the population of these cells is larger. They produce little virus and sustain infection by 
infectingg other nearby susceptible cells. Infected activated CD4* T cells produce more virus 
particless and spread the virus to cells over greater distances than infected resting cells. Pre-
existingg and infection-related immune activation may ultimately lead to virus transmission to the 
lymphoidd tissue and subsequent seroconversion. 

immunee responsiveness may influence HIV-1 susceptibility. Chapter 8 describes that HRSN 
indeedd show lower percentages of activated CD4+ T cells and higher numbers of naive T cells 
comparedd to pre-seroconversion (pre-SC) controls. HRSN also have lower levels of 
lymphoproliferativee responses in fresh whole blood samples. These results indicate lower 
immunee activation levels in HRSN compared to pre-SC controls. Interestingly, HRSN show 
higherr percentages of activated CD8+ T cells compared to pre-SC controls. 

Sincee CD4+ T cell help is supposed to be indispensable for efficient CD8+ T cell response, it 
iss a puzzling observation that HRSN showed low levels of CD4+ T cell activation, but high 
levelss of CD8+ T cell activation. Possibly, these individuals have some genetically determined 
preferencee or inclination for high CD8+ T cell responses. There is ongoing discussion about 
thee dependence of CD8+ T cell response for CD4+ T cell help [379-382]. Mouse models have 
shownn that primary CD8+ T cell responses to specific antigens are not dependent on CD4+ T 
celll  help, although maintenance of the response is dependent on CD4 help [383], 
Interestingly,, specifically the CD8+ effector-memory cells were lost in the absence of CD4 
help.. Even though we did not examine specific responses, these observations fit  well with the 
observationss in HRSN. They have high CD8+ T cell activation despite low CD4+ T cell 
activationn and have low numbers of memory-effector T cells. Since HIV-specific CD8+ T cell 
responsess are thought to play a major role in resistance to infection (see above), it also 
remainss a possibility that the observed high CD8+ T cell activation is related to the persistent 

niwmjmummijsx. niwmjmummijsx. 

Dendriticc cell 

Macrophage e 
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HIV-seronegativee status of these HRSN. Even if we could not detect differences in the levels 
orr breadth of CTL responses between HRSN and pre-SC controls (chapter 7). 

Alloreactivityy has been suggested to inhibit cell-associated transmission of HIV-1 [384,385]. 
Inn contrast, a study in haemophiliacs reported that a significantly lower proportion of HRSN 
hadd detectable alloreactive cytotoxic antibodies compared to haemophiliacs who later 
seroconvertedd for HIV-1, despite similar treatment in both groups [277]. The latter may be 
relatedd to a lower immune responsiveness in HRSN. 

Loww level CD4* T cell activation and proliferation in peripheral blood may be reflected in low 
numberss of activated CD4* T cells in the mucosa at the site of HIV-1 transmission. This may 
havee a direct effect on the replication and spread of infection from the initial site of infection 
too lymphatic tissues where high-level virus replication would take place. In the early stages of 
infectionn predominantly CD4* T cells are productively infected. Rhesus macaques inoculated 
intravaginallyy with SIV demonstrated that predominantly resting CD41 T cells were infected 
att the initial site of infection, presumably simply because of the greater density of resting T 
cellss compared with other susceptible cell types such as macrophages, DCs and activated 
CD4'' T cells [322]. Infected resting CD4 T cells would propagate infection by transmission 
off  the virus to neighbouring cells. However, infection of activated CD4' T cells would be 
requiredd to transmit infection to cells at greater distances [322]. Low levels of activated target 
cellss may result in reduced susceptibility of the host by reducing the virus production at the 
veryy first stages of infection. Lower levels of virus production in the mucosa could result in 
lowerr likelihood of viral infection of DCs or capture by DCs that may transport infectious 
viruss to lymphoid tissue. Furthermore, lower virus production at the port of entry could result 
inn lower cellular activation and lower probability of viral adaptation that is presumably 
requiredd for overt infection of a new host (see above). Higher levels of virus production by 
activatedd CD4* T cells may also be a factor in increased HIV-1 susceptibility in the setting of 
genitall  infections [284,323,324]. Figure 1 recapitulates these implications for immune 
activationn levels in host susceptibility. 

Thee proposed critical role for the presence of activated CD4' T cells in the mucosa and 
immunee responsiveness may have important implications for the design of HIV vaccines and 
otherr preventive measures. A vaccine that induces rigorous HIV-1 specific CD4 T cell 
activationn may have detrimental effect on HIV-1 infection since HIV-specific CD4+ T cells 
aree preferentially infected [386] and because of higher availability of activated target cells. 
Detrimentall  effects of topical microbicides caused by disruption of endodermal structure have 
beenn reported [325]. Pre-existing inflammation induced by topical microbicides may also 
increasee HIV-1 susceptibility. The potential role for cellular activation in HIV-1 susceptibility 
impliess that topical anti-inflammatory agents could moderate the initial propagation of 
infectionn and thereby possibly prevent subsequent seroconversion. 
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