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Abstract Abstract 

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

thethe Amsterdam Cohort of Homosexual men who have remained HIV seronegative 

despitedespite high-risk sexual behaviour. 

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

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

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

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

werewere compared between HRSN and HIV-positive ACS participants. 

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

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

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

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

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

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

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

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

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

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

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

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

characteristicscharacteristics and other factors affecting innate immunity may contribute to 

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

 Introduction 

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

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

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

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

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

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

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

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

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

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

individuall  [267,268], 

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

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

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

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

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

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

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

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

[199,285]. . 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

orr resistance to infection. 

 Methods 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

[305]. . 

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

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

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

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

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

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

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

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

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

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

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

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

wellss that had over two times background staining in ELISA were scored positive for virus 

81 1 
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Figur ee 1 Susceptibility of PBMC to R5 virus variants, and CCR5 expression and RANTES 
productionn by PBMC from HRSN and pre-SC subjects. 
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replication.. The TCID50 was calculated using the proportion of wells positive per virus 
dilution.. TCID50 values were considered to reflect relative susceptibility of the subjects 
PBMCC for R5 HIV-1. 

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

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

S2 2 
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California,, USA) and CCR5 (-FITC; Pharmingen, San Diego, California, USA). Incubations 

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

Dickinson). . 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

 Results 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

replication. . 

GenotypicGenotypic distribution. In comparing HRSN with HIV-1-infected ACS participants, we found 

84 4 
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Tablee 2 Genotype distribution in high-risk seronegatives compared to seropositives. 

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

CCR5CCR5 A32 

CCR2CCR2 V641 

SDF-lSDF-l 3'A 

1L41L4 -5S9T 

SCYA5SCYA5 -403A 

SCYA51S1.1C SCYA51S1.1C 

SCYA5SCYA5 3 'UTR C 

33 v2 tact olldl 

homozygous homozygous 

3.4%% (1/29) 

3.4%% (1/29) 

6.9%% (2/29) 

0.0%% (0/29) 

0.0%% (0/29) 

3.4%% (1/29) 

0.0%% (0/29) 

heterozygous heterozygous 

6.9%% (2/29) 

10.3%% (3/29) 

51.7%% (15/29) 

27.6%% (8/29) 

24.1%% (7/29) 

20.7%% (6/29) 

10.3%% (3/29) 

homozygous homozygous 

0.0%% (0.344) 

1.4%% (5/345) 

3.5%% (12/345) 

2.9%% (10/342) 

2.9%% (4/136) 

3.0%% (4/134) 

3.7%% (5/134) 

ww \A/air>KQi-ri a . 

heterozygous heterozygous 

19.8%% (68/344) 

15.0%% (52/345) 

27.8%% (96/345) 

26.0%% (89/342) 

27.2%% (37/136) 

19.4%% (26/134) 

21.6%% (29/134) 

frequency frequency 

HRSNHRSN SP 

0.077 0.10 

0.099 0.09 

0.333 0.17 

0.144 0.16 

0.122 0.17 

0.144 0.13 

0.055 0.15 

P" P" 

ns s 

ns s 

<0.05 5 

ns s 

ns s 

ns s 

ns s 

(95%% CI) 

2.144 (0.63-7.26) 

1.222 (0.40-3.63) 

0.322 (0.15-0.69) 

1.288 (0.53-3.09) 

1.36(0.54-3.42) ) 

0.911 (0.35-2.33) 

2.955 (0.84-10.36) 

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

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

HLA HLA 

A*ll A*ll 

A*3I A*3I 

CM-*CM-*  15 

classclass 1 allele High-RiskHigh-Risk Seronegatives 

24.1%% (7/29) 

17.2%% (5/29) 

13.8%% (4/29) 

SeropositivesSeropositives from ACS 

10.0% % 

5.7% % 

1.4% % 

(14/140) ) 

(8/140) ) 

(2/140) ) 

P" P" 

<0.05 5 

<0.05 5 

0.001 1 

odds odds 

0.35 5 

0.29 9 

0.09 9 

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

(0.13-0.96) ) 

(0.09-0.97) ) 

(0.02-0.52) ) 

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

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

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

HRSNHRSN pre-SC 
HLAHLA HIV-1 . 

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

positive"positive" positive" range 

~V9~V9 5-34 

1/99 5 

1/33 41 

0/44 na 

1/33 12 

0/55 na 

0/11 na 

7/127/12 5-41 

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

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

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

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

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

restrictedd responses in either the seven HLA-A*I/-typed HRSN or the five pre-SC controls 
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weree above background levels as measured in healthy controls (data not shown). 

•• Discussion 

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

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

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

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

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

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

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

resistancee or delayed disease progression were compared between HRSN and seropositive 

participantss of the same cohort study. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

0.05). . 

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

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

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

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

betweenn HRSN and HIV-infected homosexual men. 

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

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

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

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

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

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

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

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

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

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

itt influences acquisition or transmission of HIV infection. 

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

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

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

CTLL were detected in some HRSN and pre-seroconvcrsion controls but not in healthy 
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individuals.. Our pre-seroconversion controls resembled Nairobi female sex workers [319] and 

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

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

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

[318]] rather than resistance to infection. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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