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Abstract Abstract 

DifferentDifferent features have been associated with low susceptibility to HIV-I infection in 

exposedexposed seronegative individuals. These include genetic make-up such as 

homozygosityhomozygosity for the A32-CCR5 allele and the presence of HIV-specific cytotoxic T 

lymphocytes.lymphocytes. We studied immune activation and immune responsiveness in relation 

toto HIV-I susceptibility in 42 high-risk seronegative (HRSN) participants of the 

AmsterdamAmsterdam Cohort Studies and 54 men from the same cohort who were 

seronegativeseronegative at the moment of analysis but later became HIV-seropositive. HRSN 

hadhad higher naïve (CD45ROCD27) CD4+ and CD8+ T cell numbers and lower 

percentagespercentages of activated (HLADR+CD38+, CD70+) CD4* and proliferating (Ki67+) 

CD4CD4++  and CD8' Tcells, irrespective of previous syphilis and gonorrhea episodes. 

Furthermore,Furthermore, whole blood cultures from HRSN showed lower lymphoproliferative 

responsesresponses than healthy laboratory controls. These data suggest that low levels of 

immuneimmune activation and low T cell responsiveness may contribute to low HIV 

susceptibility. susceptibility. 

 Introduction 

Raree individuals have been described who remain persistently seronegative for antibodies 

againstt human immunodeficiency virus type 1 (HIV-1) despite multiple high-risk sexual 

exposuress to the virus. These high-risk seronegative (HRSN) individuals include children 

bornn from HIV-infected mothers [266-269], female sex workers in areas where HIV infection 

iss epidemic [231,272-275] hemophiliacs who received HIV-1-contaminated blood 

preparationss [276,277] and sexual partners of HIV-1 infected individuals [199,279-283]. 

Differentt mechanisms may influence host susceptibility to HIV infection. Infection is 

generallyy initiated by CCR5-using HIV variants and individuals whose target cells lack CCR5 

expressionn due to a homozygous 32 base-pair deletion in the CCR5 gene are highly resistant 

forr HIV infection [62,63,197,198], Heterozygosity for the A32-CCR5 allele and high 

expressionn levels of the CCR5 ligand RANTES have also been associated with resistance to 

HIVV infection [255,309,310]. HIV-specific CTL have been identified in many exposed 

seronegativee individuals, suggesting a role for HIV-specific cytotoxic T lymphocyte (CTL) 

responsess in resistance to HIV infection [272,281,295,297-301]. However, these responses 

nott necessarily reflect protective cellular immunity from infection but may merely reflect 

exposuree to the virus [321], since we found similar amounts of HIV-specific CTLs in 

seronegativee men who later became HIV-1 seropositive [320]. For many HRSN the 

underlyingg mechanism of resistance to HIV-1 infection remains unclear. Insight into this 

mechanismm may help to understand the mechanism of HIV-1 transmission and to improve the 

developmentt of preventive measures. 

Itt has been shown that after vaginal exposure of rhesus macaques to SIV, the majority of 

infectedd cells in the mucosa are resting CD4+ T cells [89,322]. Zhang et al. [322] proposed a 
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modell  for HIV transmission where initial low level virus replication in resting CD4' T cells 

sustainss local infection, while spread of infection from the initial site and subsequent 

seroconversionn depends on infection of activated CD4 T cells. Higher levels of virus 

productionn by activated CD4 T cells may increase HIV transmission efficiency as is 

observedd in the setting of pre-existing mucosal inflammation due to other sexually 

transmittablee infections (STIs) or induced by some microbicides [323-325]. 

Wee studied the association between immune activation and susceptibility to HIV-1 infection 

inn high-risk seronegative homosexual men (HRSN) from the Amsterdam Cohort Studies 

(ACS).. We hypothesized that having low levels of activated CD4" T cells could protect 

againstt HIV-1 seroconversion, despite high-risk sexual behavior. Therefore, we compared the 

expressionn of cellular activation markers between HRSN individuals and ACS participants 

whoo were seronegative at the moment of analysis but later did become HIV-1 positive. In 

addition,, we compared in vitro stimulatory T cell responses in fresh blood samples from 

HRSNN to those in healthy blood donor samples. Our data suggest that low levels of immune 

activationn are associated with resistance to HIV-seroconversion. 

 Methods 

StudyStudy participants Forty-two homosexual men with high-risk sexual behavior that 

persistentlyy remained HIV-seronegative (HRSN) were selected from the Amsterdam Cohort 

Studiess (ACS). These men had an HIV-seronegative follow-up of at least 5 years despite 

unprotectedd receptive anogenital sex with at least 6 different partners. As a control group, 54 

ACSS participants were selected who seroconverted during follow-up in the same time period, 

fromm 1983 until January 1996, and of whom pre-seroconversion (pre-SC) cryo-preserved 

sampless were available. Pre-SC control samples were taken at least 6 months before HIV-1 

seroconversionn (median: 36.7 months, interquartile range (IQR): 15.5-52.4). There was no 

differencee in age between the groups. Table 1 shows the risk behavior of the study 

participants.. In addition to using cryo-preserved samples, we requested fresh blood samples 

fromm HRSN of whom updated contact addresses were available (n=23). Ten did not respond 

too our request, 3 declined and 10 men donated. The HIV-seronegative status of HRSN 

individualss was confirmed using a standard HIV antibody test (Vidas HIV DUO, bioMerieux, 

Lyon,, France). For controls of these 10 fresh blood samples we used 193 fresh blood samples 

off  healthy donors with no reported risk behavior. This study was approved by the medical 

ethicall  committee of the Academic Medical Centre Amsterdam and informed consent was 

obtainedd from all study participants. 

FACSFACS analysis Cryo-preserved PBMC samples were stained with the following combinations 

off  monoclonal antibodies: 1. CD4 (-APC: Becton Dickinson (BD), San Jose, CA), CD8 (-

PerCP;; BD), HLADR (-FITC; BD) and CD38 (-PE; CLB, Amsterdam, Netherlands); 2. CD4 

(-PerCP;; BD). CD45RO (-APC; BD), CCR5 (-FITC; Pharmingen, San Diego, CA) and 

CXCR44 (-PE; Pharmingen); 3. CD4 (-PerCP; BD), CD8 (-FITC; BD), biotinylated CD70 (a 
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Tablee 1 Risk behavior of study participants. 

Subjects Subjects 

HRSN N 

pre-SC C 

n n 

42 2 

54 4 

syphiliss A 

24/422 (57.1%) 

16/533 (30.2%) 

gonerrheaa A 

25/422 (59.5%) 

34/533 (64.2%) 

lifetimee partners 

att study entry * 

5000 (128-1325) 

1200 (30-800) 

UARR partners 

(perr year)B 

3.44 (1.8-4.8) 

1.66 (0.4-4.1) 

HIV-negative e 

follow-up p 

(years)" " 

10.55 (9.2-10.8) 

4.33 (1.8-5.6) 

Proportionn of individuals who reported a syphilis/gonerrhea episode before the moment of sampling 
forr activation marker measurement, of 1 pre-SC control no syphilis/gonerrhea record was available; 
Bmediann numbers (and interquartile range) are depicted. HRSN, high-risk seronegatives; pre-SC, 
pre-seroconversionn controls; UAR, unprotected anal receptive intercourse. 

kindd gift of Dr. R.A.W. van Lier, AMC, Amsterdam) and streptavidin-APC (BD); 4. CD4 or 
CD88 (-PerCP; BD), CD45RO (-PE; BD), biotinylated CD27 (CLB) and streptavidin-APC 
(BD).. Cells were then fixated (FACS Lysing Solution, BD), permeabilized (FACS 
Permeabilizationn Buffer, BD), and stained intracellular with Ki67 (-FITC; Dako, Carpinteria, 
CA).. Incubations were performed for 20 minutes at 4°C. Analysis was performed on 
FACScaliburr (Becton Dickinson) with Cellquest software. 

ProliferationProliferation assay Lymphocyte proliferation was measured by [ HJthymidine incorporation. 
Briefly,, fresh whole blood samples were cultured in IMDM medium alone or with antibodies 
directedd against human CD3 (aCD3) either with or without aCD28; a combination of aCD2 
andd aCD28; or with 5 jig/ml phytohemagglutinin (PHA). After 3 days [HJthymidine was 
addedd to the culture and cellular DNA was harvested after 24 hours. [' HjThymidine 
incorporationn was counted in a 1205 Betaplate scintillationcounter and corrected for T cell 
inputt using CD3 counts obtained by FACS analysis. 

StatisticalStatistical analyses Mann-Whitney U test was used to compare groups since most data were 
nott normally distributed. Statistical analyses were performed using SPSS software (version 
11.5,, SPSS Inc., Chicago, IL, USA). 

 Results 

ExpressionExpression of activation markers in HRSN and pre-SC. To examine if immune activation 
levelss play a role in the risk of HIV-1 transmission, we compared the expression of several 
CD44 and CD8 lymphocyte activation markers between high-risk seronegative (HRSN) 
individualss and pre-seroconversion (pre-SC) samples from ACS participants who became 
HIV-11 seropositive later in follow-up. The pre-SC control samples were chosen at least six 
monthss before HIV-1 seroconversion (median: 36.7 months, IQR: 15.5-52.4). There was no 
differencee between the groups in the calendar period of sampling or in age. 
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Figur ee 1 CD4 and CD8 T cell numbers. 

A.. Median numbers of CD4+ and CD8+ T cells of 
HRSNN (grey bars) and pre-SC controls (black bars). 
B.. Median numbers of CD4+ (left) and CD8+ (right) T 
celll subsets of HRSN and pre-SC controls. N: na'i've 
(CD45RO"CD27+);; M: memory (CD45RO+CD27+); 
ME:: memory-effector (CD45RO+CD27); E: effector 
(CD45ROCD27").. Error bars indicate interquartile 
range.. * p<0.05, ** p<0.001. 

HLADR-- CD70- KB7-
CD3S--

HLADR-CD70-KJ67--
CD38--

 HRSN(n=42) 
 pre-SC (n=64) 

Figur ee 2 Expression of activation markers on 
CD4++ and CD8+ T cells. 

Mediann percentages of HLADR+/CD38+, 
CD70++ and Ki67+ cells within the CD4+ (left) 
andd CD8+ (right) T cells of HRSN (grey bars) 
andd pre-SC controls (black bars). Error bars 
indicatee interquartile range. * p<0.05, ** 
p<0.001. . 

Thee absolute number of CD4+ T cells was higher in HRSN than in pre-SC controls, while 
theree was no significant difference in the number of CD8+ T cells (Figure 1). The numbers of 
naivee (CD45RO~CD27+) CD4+ and CD8+ T cells were higher in HRSN compared to pre-SC 
controls,, and the numbers of memory-effector (CD45RO+CD27) CD4+ and CD8+ T cells 
weree lower (Figure 1). The percentages of proliferating (Ki67+) CD4+ and CD8+ T cells were 
lowerr and of activated (HLADR+CD38+ and CD70+) CD4+ T cells were lower, but the 
percentagee of activated (HLADR+CD38+) CD8+ T cells was significantly higher in the HRSN 
thann in pre-SC controls (Figure 2). 

Analysiss of the expression of HIV-1 coreceptors CCR5 and CXCR4 on CD4+ T cells showed 
thatt HRSN had lower percentages of CXCR4-expressing CD4+ T cells compared to pre-SC, 
alsoo within the CD45RO+ subset (Table 2). The percentage of CCR5-expressing CD4+ T cells 
wass not different between HRSN and pre-SC controls, but within the CD4+ CD45RO+ T cells 
aa significantly lower percentage of CCR5+ cells was found in HRSN. Due to higher CD4+ T 
celll  numbers in HRSN, no differences between absolute numbers of CXCR4+ or CCR5+ CD4+ 

TT cells were found between HRSN and pre-SC. 
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ExpressionExpression of activation markers in relation to syphilis and gonorrhea exposure. To 
examinee whether the differences found in the expression levels of activation markers were 
duee to differences in risk behavior or associated with the occurrence of sexually transmitted 
infectionss (STIs), we determined the number of lifetime partners, the number of different 
unprotectedd anal receptive intercourse (UAR) partners, and the occurrence of 
syphilis/gonorrheaa in HRSN and pre-SC controls. HRSN reported higher risk behavior and a 
higherr proportion of HRSN had experienced a syphilis episode compared to the pre-SC 
controlss (Table 1). Comparing individuals who had and who had not reported an STI, we 
foundd that pre-SC controls who reported at least one STI episode in their lifetime had 
significantlyy higher percentages of CD70+ and Ki67+ CD4+ T cells compared to pre-SC 
controlss who never reported an STI episode (Figure 3). Interestingly, no significant 
differencess in T cell activation levels were found between HRSN who did and who did not 
reportt an STI episode. Thus, pathogen exposure did affect the level of immune activation in 
pre-SCC controls but not in HRSN individuals. 

Finally,, 8 out of 42 HRSN and 15 out of 53 pre-SC controls did not report a syphilis or 
gonorrheaa episode before the moment of sampling (from one pre-SC control no STI data were 
available).. Excluding these participants from our analyses we found the same statistically 
significantt differences in T cell markers between HRSN (n=34) and pre-SC controls (n=38) as 
reportedd above (data not shown), confirming that the lower T cell activation levels found in 
HRSNN compared to pre-SC controls are not caused by differences in STI incidence. 

InIn vitro proliferation. The observation that HRSN have lower CD4+ T cell activation levels 
thann pre-SC controls despite high STI incidence suggests that T cells from HRSN are less 
responsivee to antigen exposure than T cells from pre-SC controls. To test whether HRSN 
havee indeed low lymphoproliferative responses compared to healthy blood donor controls, we 
collectedd fresh blood samples from the HRSN. Collected samples were tested for HIV 
antibodiess and proved seronegative. 

Tablee 2 HIV coreceptor expression on CD4+ T cells. 

HRSNHRSN pre-SC 

DfDf T'cells 

%CCR5+ + 

%CCR5^ofCD45RCf f 

%CXCR4+ + 

%CXCR4^ofCD45R(T T 

CCR5++ (cells/nl) 

CCR5'' CD45RO' (cells/^l) 

CXCR4'' (cells/nl) 

CXCR4""  CD45RO' (cell s/jal) ) 

n n 

42 2 

42 2 

42 2 

42 2 

42 2 

42 2 

42 2 

42 2 

median median 

10.6 6 

18.0 0 

80.4 4 

68.4 4 

89 9 

69 9 

556 6 

247 7 

IQR IQR 

8.2-14.5 5 

15.9-22.7 7 

71.9-88.6 6 

58.7-74.6 6 

61-108 8 

45-98 8 

460-784 4 

168-342 2 

n n 

51 1 

50 0 

51 1 

50 0 

46 6 

45 5 

46 6 

45 5 

median median 

10.1 1 

24.5 5 

91.7 7 

81.7 7 

75 5 

77 7 

540 0 

241 1 

IQR IQR 

8.4-17.0 0 

16.5-29.7 7 

88.0-95.2 2 

73.7-87.6 6 

52-117 7 

51-113 3 

462-725 5 

51-113 3 

p-value p-value 

0.717 7 

0.008 8 

<0.001 1 

<0.001 1 

0.452 2 

0.405 5 

0.559 9 

0.872 2 

AMann-Whitneyy U test, p-values <0.05 are depicted in bold type. HRSN, high-risk seronegatives; 
pre-SC,, pre-seroconversion controls; IQR, interquartile range. 
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Figur ee 3 Expression of activation markers in relation to reported STI episodes. 

Mediann percentages of HLADFT/CD38', CD70* and Ki67+ cells within the CD4+ (left) and CD8+ 

(right)) T cells of HRSN (grey bars) and pre-SC controls (black bars) who did (hatched) or did not 
(even)) report a syphilis or gonorrhea episode. Error bars indicate interquartile range. * p<0.05. 

Whenn compared to laboratory controls, we found statistically significant lower levels of 
[3H]thymidinee incorporation in fresh whole-blood samples from HRSN after stimulation with 
PHAA (HRSN (n=10) median 799 cpm/103 T cells, IQR 547-997; controls (n=193) median 
12944 cpm/103 T cells, IQR 1037-1600; P<0.001), and after stimulation with a combination of 
antibodiess directed against human CD3 and CD28 (HRSN (n=10) median 1072 cpm/103 T 
cells,, IQR 727-1393; controls (n=193) median 1324, IQR 1039-1556; PO.05) (Figure 4). 
Alsoo after stimulation with antibodies directed against human CD3 only, or antibodies 
directedd against CD2 and CD28 responses in HRSN whole-blood samples were lower than 
controls,, but not significantly. Remarkably, also the spontaneous ex vivo lymphoproliferation 
(withoutt any stimulatory agent added) was lower in HRSN than in control samples (HRSN 
(n=10)) median 1.28 cpm/103 T cells, IQR 0.50-2.02; controls (n=182) median 1.91, IQR 1.21-
2.86;; PO.05) (Figure 4). 

Discussion Discussion 

Immunee activation may play a role in HIV transmission efficiency. Zhang et al. have shown 
thatt at the site of infection, mostly resting CD4+ T cells are infected. They hypothesized that 
initiall  low-level replication in these resting CD4+ T cells sustains local infection, but that only 
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higherr levels of virus production by 
activatedd CD4* T cells may enable spread 
off  infection from the initial site throughout 
thee lymphatic tissue [322]. High levels of 
activatedd CD4+ T cells at the site of HIV-1 
exposuree may increase HIV-1 transmission 
efficiencyy while low levels of activated 
CD4++ T cells may be associated with a 
persistentt HIV-seronegative status despite 
high-riskk sexual behavior. 

Too test this hypothesis we examined 
whetherr low expression levels of cellular 
activationn markers correlated with 
persistentt HIV-seronegative status despite 
high-riskk sexual behavior. Indeed, HRSN 
showedd lower levels of CD4+ T cell 
activationn (HLADR+CD38+ and CD70+) 
andd CD4f and CD8+ T cell proliferation 
(Ki67^)) compared to pre-SC controls, 
suggestingg lower levels of activated CD4+ target cells. However, HRSN did show higher 
percentagess of HLADR+CD38+ CD8+ T cells compared to pre-SC controls, which may be 
indicativee of active CD8+ immune response, possibly, but not necessarily, directed against 
HIV-1.. Excluding participants who did not report a syphilis or gonorrhea episode from our 
analyses,, gave the same results. This suggests that the reported differences between HRSN 
andd pre-SC controls are not related to differences in levels of pathogen exposure. In fact, pre-
SCC controls who reported an STI episode had elevated levels of CD4+ T cell activation 
comparedd to pre-SC controls who did not report an STI episode while this difference was not 
foundd in HRSN. This may reflect lower immune responsiveness to pathogen exposure in 
HRSNN individuals. 

Itt has been shown in healthy individuals that increased levels of immune activation are 
associatedd with low naive T cell numbers and increased numbers of memory and effector T 
cellss [326]. HRSN had higher numbers of naïve T cells and lower numbers of memory-
effectorr T cells compared to pre-SC controls despite high pathogen exposure, again 
suggestingg that in these individuals pathogen exposure did not induce the same level of 
immunee activation. Indeed, lymphoproliferative responses in HRSN were significantly lower 
thann in healthy controls, confirming previous results by Salkowitz et al. [277] who compared 
lymphoproliferativee capacity of high-risk seronegative hemophiliacs with healthy blood 
donors.. These data suggest that a less reactive immune system results in lower immune 
activationn levels which may lower the chance of HIV-1 seroconversion. This protective effect 

PHAA aCD2 aC03 aC03 
aCD288 aCD28 

HRSNN (0=9) 
Controlss (n=193) 

Figur ee 4 T cell proliferation capacities of HRSN 
andd healthy controls. 

Mediann [3H]thymidine incorporation by T cells 
stimulatedd with PHA, CD2/CD28, CD3 or 
CD3/CD288 monoclonal antibodies and by 
unstimulatedd T cells of HRSN (grey bars) and 
bloodd donor controls (black bars), cpm: counts 
perr minute. Error bars indicate interquartile 
range.. * p<0.05, **p<0.001. 
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mayy be due to lower numbers of activated CD4+ T cells at the site of infection that otherwise 

wouldd have contributed to the spread of the infection to draining lymph nodes. 

Inn contrast with our data, one study reported no differences in CD4' T cell numbers, elevated 
CD8̂ ^ effector (CD62LRA) numbers and lower naive and CD28 CD8* T cells subsets in 
HRSNN men compared to bloodbank donors [283]. In another study, elevated percentages of 
CD38'' CD8* T cells but no difference in HLADR*CD38~ CD8+ percentages nor in naive or 
memoryy CD8" T cell numbers were found in HIV-exposed seronegative female sex workers 
comparedd to low-risk blood donors [274]. Conceivably, differences in levels of immune 
activationn reported in these studies may reflect higher pathogen exposure in HRSN compared 
too the low-risk blood donors that were used as controls. To be able to distinguish between 
effectss of pathogen exposure and exposed seronegative status, we here used samples taken 
beforee HIV-seroconversion from a control group that consisted of participants of the same 
cohortt study who eventually became HIV-seropositive. 

Ass mentioned, other known factors may be involved in protection from HIV-seroconversion. 
Inn agreement with our previous observations [321] and other reports [199,220,279,282], we 
foundd significantly higher RANTES production of PHA-PBMC in vitro before and after CD8 
TT cell depletion in HRSN compared to low-risk blood donors (data not shown). In addition, 
becausee the CCR5-A32 genotype has been associated with resistance to HIV infection 
[309],[255]]  we analyzed our data excluding those individuals who carried the CCR5-A32 

allele.. One out of 42 HRSN was homozygous for the 32 base pair deletion and 3 were 
heterozygouss whereas 4 out of 54 pre-SC controls were heterozygous for the deletion. 
Exclusionn of these individuals from our analyses did not change our findings (data not 
shown). . 

Thee lower activation level of CD4* T cells in HRSN compared to pre-SC controls, suggests a 
rolee for CD4+ T cell activation in HIV-1 susceptibility. Local infection of resting CD4+ T 
cellss may occur in HRSN resulting in low HIV-1 DNA levels detected in some exposed 
seronegativee individuals ([327]; F.A. Koning et al. submitted for publication). This would 
providee an explanation for the presence of HIV-specific CTL responses to regulatory HIV-1 
proteinss in many exposed seronegative individuals, including participants of our present study 
[272,297-299,301,316,321,328]. . 

Takenn together, our data suggest that HRSN individuals have less reactive CD4' T cell 
responsess upon pathogen exposure which may result in low numbers of activated CD4+ T 
cellss at the site of initial infection, preventing high level HIV-1 replication and seroconversion 
afterr HIV-1 transmission. The underlying mechanism of this low CD4+ T cell activation 
remainss to be elucidated. To our knowledge, these individuals do not have a clinical record of 
frequentt infections. Apparently, low CD4* T cell activation and low T cell responsiveness 
doess not hamper efficacious responses to common pathogens as may be reflected by the 
selectivelyy activated CD8+HLADR+CD38+ T cells. 
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