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Summary 

 

Particular human leukocyte antigen (HLA) polymorphisms have been associated with 

a reduced risk of HIV transmission. However, protective alloimmune responses 

expected to result from such a genetic predisposition have not been demonstrated. To 

this end, we analyzed and compared cellular and humoral alloimmune responses in a 

cohort of female sex workers who remained human immunodeficiency virus (HIV)-

seronegative despite more than 3 years of high-risk sexual activity (ESN FSWs) with 

those of low-risk HIV-seronegative female blood donors in Abidjan, Côte d’Ivoire. 

ESN FSWs showed significantly lower allostimulated CD69 expression and secretion 

of interferon-γ, macrophage inflammatory protein (MIP)-1β and RANTES (regulated 

upon activation, normal T-cell expressed and secreted) by lymphocytes than controls. 

In contrast, ESN FSWs showed significantly higher mitogen-stimulated CD69 

expression and secretion of tumor necrosis factor-α and MIP-1β than controls. 

Suppression of cellular alloimmune responses among ESN FSWs was associated with 

a higher self-reported frequency of unprotected sex. Levels of anti-HLA class I 

alloantibodies in plasma were not significantly different between ESN FSWs and 

controls. These findings indicate that frequent sexual exposure to multiple partners 

results in suppression rather than activation of cellular alloimmune responses. Our 

data support the hypothesis that suppressed cellular alloimmune responses may play a 

role in protection against HIV infection.
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Introduction 

 

The possibility that immune reactivity against allogeneic human leukocyte antigens 

(HLA) could contribute to protection against human immunodeficiency virus (HIV) 

infection has been proposed [1]. This suggestion is based on several observations [2-

5]. Macaques were protected against a challenge with simian immunodeficiency virus 

(SIV) after vaccination with the uninfected human cells that were used to grow the 

SIV [2]. The sera from these macaques contained anti-HLA class I antibodies and 

their presence correlated with protection [3]. HIV acquires HLA class I and class II 

molecules from the host cell that outnumber viral gp120 [4]. In addition, gp120 and 

HLA share a degree of homology potentially leading to cross-reactive immune 

responses [5]. Together, these observations suggest that activated alloimmune 

responses could protect against sexual HIV transmission by two distinct mechanisms. 

Cellular alloimmune responses may directly reject the sexual partner’s HIV-infected 

cells before virus production from these cells and transmission can occur. Anti-HLA 

antibodies may neutralize free virions by binding to HLA or gp120 on the viral 

envelope.  

 

Some individuals remain HIV-seronegative despite frequent exposure to the virus and 

several mechanisms of HIV protection have been proposed (HIV-exposed 

seronegative or ESN, reviewed in ref. 6). Genetic studies have demonstrated the 

occurrence of particular HLA polymorphisms in these persons. ESN female sex 

workers (FSWs) in Nairobi displayed rare HLA alleles thus being capable of 

manifesting alloimmune responses against the largest proportion of the population [7], 

and possessed specific HLA subtypes that were associated with a reduced risk of HIV 
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infection [8]. Similarly, a decreased risk of HIV-1 transmission from mother to child 

and in heterosexual couples was associated with HLA class I discordance and with 

particular HLA alleles [9-12]. However, the alloimmune responses that are expected 

to result from these particular HLA polymorphisms in ESN subjects have been more 

difficult to detect. Anti-HLA class I alloantibodies found in FSWs and in children 

born to HIV-infected mothers did not correlate with HIV protection [13;14]. To date, 

cellular alloimmune responses and their role in protection against HIV have not been 

studied in ESN subjects.  

 

In the present study, cellular and humoral alloimmune responses were analyzed in 

African FSWs who remained HIV-seronegative despite frequent high-risk sexual 

exposure for more than three years in comparison with seronegative female blood 

donors (FBDs) at lower risk for HIV infection. Surprisingly, we found decreased 

rather than increased cellular alloimmune responses in ESN FSWs compared with 

controls. 
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Materials and Methods 

 

Study population 

Between June 1998 and July 1999, 20 ESN FSWs were enrolled in a confidential 

clinic in Abidjan, Côte d’Ivoire. The women were part of a multiple-center trial 

testing the efficacy of the HIV microbicide nonoxynol-9 [15]. Blood samples and 

standard questionnaires with information on socio-demographics and sexual behavior 

were collected. Blood samples were also collected from 18 HIV-seronegative female 

blood donors (FBDs) and from 24 HIV-seronegative male blood donors at the 

national blood transfusion center in Abidjan. The study was approved by the 

Institutional Review Board of the Centers for Disease Control and Prevention, 

Atlanta, GA, USA, and the Ethical Committees of the Ministry of Health, Côte 

d’Ivoire and the Institute of Tropical Medicine, Antwerp, Belgium. Written informed 

consent was given by all study subjects before enrollment. 

 

Laboratory methods 

Whole blood was drawn from FSWs and blood donors in EDTA tubes (Becton 

Dickinson). Within 4h of collection, plasma was separated from whole blood by 

centrifugation, and stored at -70°C. The HIV status of all subjects was determined in 

plasma by using a combination of ELISAs and Western blots. The HIV-negative 

status of ESN FSWs was confirmed by HIV RT-PCR. Peripheral blood mononuclear 

cells (PBMC) were separated from whole blood by gradient centrifugation using 

lymphocyte separation medium (ICN Biomedicals), resuspended in RPMI (Life 

Technologies) containing 50% FCS (Biochrom) and 10% DMSO (Sigma-Aldrich), 

and stored in liquid nitrogen.  
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Set up of a one-way mixed leukocyte reaction (MLR) for the detection of alloimmune 

responses 

Because irradiation could not be done in the field, alternative methods for inactivation 

of stimulator cells were tested. PBMC from two controls were incubated in PBS + 4% 

paraformaldehyde (PFA, Sigma) for 15 min at room temperature, with mitomycin C 

(MMC, Sigma) at 50 µg/ml in RPMI + 10% FBS for 1h at 37°C, and with 

actinomycin D (AMD, Sigma) at 10 µg/ml in RPMI + 10% FBS for 1h at 37°C, or left 

untreated (control). PBMC were washed three times with RPMI and surface stained 

with anti-CD3 mAb and 7-AAD to measure the degree of cell death, and with anti-

CD3 and anti-HLA-DR or anti-MHC class I (clone W6/32, indirect staining with 

goat-anti-mouse antibody) mAbs to quantify HLA expression. To verify blocking of 

protein expression upon treatment, cells were stimulated with 0.02 µg/ml PMA and 1 

µg/ml ionomycin in absence or presence of 10 µg/ml brefeldin A for 4h at 37°C, and 

surface stained with anti-CD3 and anti-CD69 mAbs (absence of brefeldin A) or 

stained intracellularly with anti-CD3 and anti-IFN-γ or anti-IL-4 mAbs (presence of 

brefeldin A). Surface and intracellular staining protocols were as previously described 

[16], all mAbs were fluorochrome-labeled and obtained from Becton Dickinson, and 

acquisition was done with a FACScan flow cytometer and CellQuest software (Becton 

Dickinson). Next, PBMC from 5 controls were inactivated with PFA or AMD like 

described above, pooled together, and incubated with PBMC from three different 

controls at a 1/1 ratio. Stimulation with medium alone and with 0.5 µg/ml PHA served 

as negative and positive controls, respectively. At different time points up to 96 hours 

of culture, cells were isolated and surface stained with anti-CD3 and anti-CD69 mAbs 

(for one control only), and analyzed by flow cytometry like described above. After 7 
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days of incubation, supernatants were assessed with ELISA for interferon (IFN)-γ, 

tumor necrosis factor (TNF)-α, interleukin (IL)-4, IL-10, macrophage inflammatory 

protein (MIP)-1α, MIP-1β, and RANTES (regulated upon activation, normal T-cell 

expressed and secreted) (three subjects, PFA-inactivated stimulator cells only). 

Antibody pairs for IFN-γ, TNF-α, IL-10, IL-4 and RANTES were obtained from 

Pharmingen, from R&D Systems for MIP-1α and MIP-1β. Recombinant standards for 

IFN-γ, TNF-α, IL-4, and IL-10 were obtained from the National Institute for 

Biological Standards and Controls, UK, from Pharmingen for RANTES, from R&D 

Systems for MIP-1α and MIP-1β.  

 

Cellular alloimmune responses 

To mimic in vivo sexual alloantigen exposure to a wide range of prevalent HLA 

subtypes, allogeneic stimulator cells were prepared from 24 HIV-seronegative male 

donors from Abidjan. PBMC were separated from whole blood, labeled with 10 µM 

carboxyfluorescein diacetate succinimidyl ester (CFSE) in PBS containing 1% BSA 

for 10 min at 37°C and 5% CO2, and washed three times in ice-cold RPMI containing 

10% FBS. Cells were then inactivated with PFA like described above, and pooled 

together. To prepare autologous stimulator cells, freshly thawed PBMC were CFSE-

labeled and PFA-fixed like described above. MLRs were set up as follows. 1×106 

responder PBMC from FBDs and ESN FSWs were mixed together with 1×106 pooled 

allogeneic stimulator PBMC (allostimulation), 1×106 autologous stimulator PBMC 

(autostimulation), and 0.5 µg/ml phytohemagglutinin (PHA-stimulation) in RPMI 

containing 5% human AB serum (Irvine Scientific) in duplicate 1-ml cultures in 48-

well plates, and incubated at 37°C and 5% CO2. To assess early responses, CD69 

expression was measured after 40 hours of culture. Cells were surface stained with 
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fluorochrome-labeled anti-CD3, anti-CD69, anti-CD45RO (all from Becton 

Dickinson), and anti-CD4 (Dako) mAbs like described above, and analyzed with a 

FACSCalibur flow cytometer (Becton Dickinson). CD69 expression was analyzed 

within total, memory (CD45RO+) and naive (CD45RO-) CD4+ and CD8+ (as CD4-) T-

cells of the responder cell fraction. CFSE-stained allogeneic and autologous 

stimulator cells showed a very bright signal in the FL-1 channel and could thus be 

excluded from the analysis. To assess late responses, supernatant levels of selected 

cytokines and β-chemokines were measured by ELISA after 7 days of culture like 

described above. 

 

Anti-HLA class I antibodies.  

Anti-HLA class I antibodies were detected in plasma by the HLA panel reactive 

antibody (PRA) screening test (FlowPRA, One Lambda). The method uses 

polystyrene microparticle beads coated with a wide range of HLA class I antigens. 

The test covered 100% of the prevalent HLA class I subtype A alleles, 81% of B 

alleles, and 92% of C alleles in Abidjan (among 31 blood donors,  unpublished data 

from A. Chahroudi, Centers for Disease Control, Atlanta, GA, USA). Testing was 

done according to the manufacturer’s instructions. In brief, HLA-coated beads were 

incubated with plasma for 30 min, washed twice and incubated with fluorochrome-

labeled goat anti-human IgG antibodies for 30 min. Beads were washed again, 

resuspended in PBS containing 4% PFA, and analyzed with a FACScan flow 

cytometer and CellQuest software (Becton Dickinson). For every experiment, positive 

and negative control samples were run together with the test samples. Percentages of 

HLA class I PRA were analyzed in histogram plots with a marker set at the end of the 

negative control sample. The criteria for a positive result were (1) a positive reaction 
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with the positive control sample, (2) percentage PRA of at least 10% and (3) a 

multiple peak pattern discriminating a negative and a positive bead population.  

 

Statistical analysis 

Mann-Whitney U tests were used for comparing one variable among two groups, 

Wilcoxon signed rank tests were used for comparing two variables in the same group. 

Logistic regression was used for testing differences and associations between 

categorical variables. Linear and logistic regression was used for comparing 

continuous and categorical variables, respectively, among two groups while 

controlling for age. Normality of variables was tested with Kolmogorov-Smirnov 

tests. Correlations were analyzed with Spearman rank correlation tests. For all 

analyses, the level of significance was set at P<0.05. 
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Results 

 

Characteristics of the study population 

ESN FSWs were significantly older than FBDs (medians of 30 and 23 years; 

P=0.008). All ESN FSWs included in the study had reported a duration of commercial 

sex work of ≥3 years (median, 5.3; range, 3.1-24). ESN FSWs reported a median 

number of 10 clients during the previous week (range, 0-48). 85% of ESN FSWs 

reported “always” to use condoms with clients, 15% reported “often”.  44% of ESN 

FSWs confirmed having had sex with a regular partner during the previous week. 

40% reported “never” to use condoms with regular partners, 47% said “rarely” and 

13% “always”. The HIV incidence among FSWs in Abidjan at the time of enrolment 

was 4% [15], and their HIV prevalence 32% [17]. HIV seropositivity among clients of 

FSWs in Abidjan was estimated at 14% [18].  

 

Set up of a one-way MLR for the detection of alloimmune responses 

Because irradiation could not be done in the field, treatment with MMC, AMD or 

PFA was tested for the inactivation of stimulator cells (Fig. 1). PFA treatment resulted 

in nearly 100% dead cells, MMC and AMD did not induce cell death (Fig. 1a). All 

methods left the expression of HLA class I and class II unaltered (Fig. 1b). PFA and 

AMD, but not MMC, blocked the expression of CD69, INF-γ and IL-4 upon 

PMA/ionomycin stimulation (Fig. 1c, d). PBMC from 5 controls were inactivated 

with PFA or AMD, pooled, and incubated with untreated PBMC from one other 

control. Expression of the early activation marker CD69 was measured as a well-

established alternative for 3H-thymidine incorporation [19;20]. Dot plots showing the 

analysis of CD69 expression on gated CD3+ T-cells are shown in Fig. 2a-d. Higher 
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levels of CD69 expression were induced by stimulator cells inactivated with PFA than 

with AMD, and a maximum was reached after 40 hours of incubation (Fig. 2e). 

AMD-inactivated stimulator cells induced high levels of dead cells in the MLR after 

96 hours of incubation (Fig. 2f). PFA-inactivated pooled stimulator cells were then 

incubated with PBMC from three controls for 7 days as a reported optimal incubation 

period for allostimulated cytokine production [21;22]. IFN-γ, TNF-α, IL-10, MIP-1β, 

and RANTES (but not MIP-1α or IL-4) were detected in supernatants and were thus 

selected for further study (data not shown).  

 

Cellular CD69 expression in stimulated PBMC cultures from ESN and controls 

PBMC from 20 ESN FSWs and 18 FBDs were stimulated with allogeneic and 

autologous stimulator cells, and PHA. To assess early responses, CD69 expression 

was measured on CD4+ and CD8+ T-cells by flow cytometry after 40 hours of culture 

(Table 1). PHA stimulation induced higher CD69 expression than allo- or 

autostimulation (P<0.001). Allo- and autostimulation induced similar levels of CD69 

expression. ESN FSWs showed significantly lower allo- and autostimulated CD69 

expression on memory subsets of CD4+ and CD8+ T-cells compared with FBDs, but 

tended to have higher PHA-stimulated CD69 expression. After adjusting for age, 

differences between ESN FSWs and FBDs became more pronounced for allo- and 

autostimulation and less pronounced for PHA-stimulation (Table 1). Among FBDs, 

PHA- and allostimulated CD69 expression correlated directly within memory CD4+ 

and CD8+ T-cells (r=0.682, P=0.002 and r=0.639, P=0.004, respectively). These 

correlations were lost in ESN FSWs (r=0.380, P=0.098 and r=0.176, P=0.458, 

respectively).  
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Cytokine and β-chemokine secretion in stimulated PBMC cultures from ESN and 

controls 

To assess late cellular responses, levels of a selection of cytokines and β-chemokines 

were measured in the supernatants of allo-, auto- and PHA-stimulated cultures after 7 

days of incubation. PHA-stimulation induced higher production levels than allo- or 

autostimulation for all cytokines and β-chemokines (P<0.001). Allostimulation 

revealed significantly higher levels of MIP-1β (P=0.014 for FBDs, P=0.001 for ESN 

FSWs) and RANTES (P<0.001 for FBDs and ESN FSWs) than autostimulation 

(Table 2). In line with CD69 expression, cytokine and β-chemokine levels in allo- and 

autostimulated PBMC cultures were significantly lower for ESN FSWs than for FBDs 

(significant for IFN-γ, MIP-1β and RANTES after allostimulation; for IFN-γ, TNF-α, 

IL-10, MIP-1β and RANTES after autostimulation). In contrast, ESN FSWs showed 

higher levels PHA-stimulated secretion than FBDs, reaching statistical significance 

for TNF-α and MIP-1β. Allostimulated RANTES levels and PHA-stimulated MIP-1β 

levels remained significantly different for ESN FSWs and FBDs after adjustment for 

age (Table 2).  

 

Association between cellular alloimmune responses and sexual exposure among ESN 

FSWs 

ESN FSWs with <5 years of sex work showed lower levels of allostimulated CD69 

expression on memory CD4+ and CD8+ T-cells than ESN FSWs with ≥5 years of sex 

work (Fig. 3a, data shown for CD4+ T cells). ESN FSWs reporting “never” using 

condoms with regular partners showed lower levels of allostimulated MIP-1β than 

ESN FSWs reporting “rarely” or “always” using condoms (Fig. 3b). No association 

was found between cellular alloimmune responses and the numbers of clients of ESN 
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FSWs. No correlation was detected between the duration of commercial sex work and 

the numbers of clients of ESN FSWs. ESN FSWs who stated using condoms “always” 

versus “rarely” with regular partners, and those that stated using condoms “always” 

versus “often” with clients showed similar allostimulated MIP-1β responses. The 

latter two associations likely lack statistical power due to low numbers of subjects. 

 

Anti-HLA class I antibodies in ESN and controls 

Anti-HLA class I antibodies were analyzed in plasma from 19 ESN FSWs and 18 

FBDs. Median antibody levels were similar among ESN FSWs and FBDs (Fig. 4a). 

By applying the criteria for a positive result, 6 of 19 ESN FSWs showed detectable 

anti-HLA class I antibodies compared to 2 of 18 FBDs (32% vs. 11%; P=0.146). The 

tendency towards a higher antibody prevalence among ESN FSWs disappeared after 

adjusting for age (P=0.28, Fig. 4a). In fact, ESN FSWs and FBDs with detectable 

antibody levels were all between 29 and 39 years old (Fig. 4b). This age category was 

underrepresented among FBDs.  

 

Association between humoral alloimmune responses and sexual exposure among ESN 

FSWs 

The 6 ESN FSWs with detectable anti-HLA class I antibodies did not show 

differences in duration of sex work, numbers of clients, sex with regular partners, or 

consistency in using condoms compared with the 13 ESN FSWs without detectable 

antibodies. No correlations were noted between humoral and cellular alloimmune 

responses (data not shown). 
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Discussion 

 

In the present study, we found that the ESN status of FSWs was not associated with 

enhanced cellular or humoral alloimmune responses in comparison with HIV-

seronegative controls at lower risk for HIV infection. On the contrary, cellular 

alloimmune responses were decreased among ESN FSWs, suggesting that frequent 

unprotected sexual exposure results in suppression rather than activation of the 

immune system towards alloantigens. These data could support the hypothesis that 

suppressed cellular alloimmune responses play a role in protection against HIV 

infection.  

 

Allostimulated T-cell activation and cytokine and β-chemokine secretion was 

significantly lower among ESN FSWs than among FBDs whereas PHA-stimulated 

responses were significantly higher. These opposite effects were confirmed by direct 

correlations between allo- and PHA-stimulated T-cell activation among FBDs but not 

among ESN FSWs. Cellular alloimmune responses were most down-regulated among 

ESN FSWs with the least frequent use of condoms with regular partners and the 

shortest duration of commercial sex work. In a previous study, we have reported that 

ESN FSWs in Abidjan with the shortest duration of commercial sex work have the 

highest numbers of clients per day [23]. This association was not detected in the 

present study, possibly because only ESN FSWs with > 3 years of sex work were 

selected. Nevertheless, together, these associations suggest a dose-response relation 

between the extent of sexual exposure and the suppression of cellular alloimmune 

responses.  
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Our observations are in line with previous reports suggesting peripheral alloimmune-

tolerance after natural or artificial alloimmunization [24-32]. Prior pretransplant blood 

transfusions were reported to prolong renal allograft survival [24]. Successful 

pregnancy in mice was associated with repeated exposure to semen from a specific 

mate [25]. Normal pregnancy without symptoms of pre-eclampsia occurred more 

often among women with prior exposure to paternal alloantigens via unprotected sex 

or previous pregnancies [26;27]. Likewise, in women with recurrent spontaneous 

abortions, tolerance towards the fetus was achieved after alloimmunization with the 

male partner’s PBMC [28;29]. Such alloimmune therapy resulted in decreased 

proliferation in maternal versus paternal MLR [30], decreased CD69 expression on T-

cells [31], and a Th1 to Th2 cytokine shift [32]. The latter findings are in remarkable 

agreement with our results: ESN FSWs showed lower expression of CD69 and IFN-γ 

but not IL-10 after in vitro allostimulation.  

 

In other studies, women with recurrent spontaneous abortions who were in vivo 

immunized with their partner’s PBMC showed in vitro PHA-stimulated HIV 

inhibition, which was found to be associated with increased PHA-stimulated β-

chemokine production [33;34]. Based on these observations, an HIV-protective effect 

of artificial alloimmunization was postulated. However, in vitro PHA-stimulation may 

not be an appropriate correlate of the in vivo alloimmune response. On the contrary, 

in our study we concurrently observed increased PHA-stimulated MIP-1β levels (in 

line with their data) and decreased allostimulated MIP-1β and RANTES levels. 

Unfortunately, in the former studies [33;34], in vitro alloimmune responses before and 

after alloimmunization were not analyzed, hence a direct relationship between 

enhanced alloimmunity and HIV protection remains uncertain. A recent study in 
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heterosexual couples practicing unprotected sexual intercourse reconfirmed the 

relationship between in vivo alloimmunization and in vitro PHA-stimulated HIV 

inhibition [35]. In addition, the authors reported increased in vitro alloimmune 

responses in these persons, which is at variance with our data. The latter conclusion 

may have been premature because of lack of an appropriate control group (i.e. 

heterosexual couples practicing protected sex). The contradictory findings may also 

be explained by differences in study population: frequent sexual exposure to multiple 

partners in our study and moderate sexual exposure to a single partner in theirs may 

trigger distinct immune reactions.  

 

We have set up a well-designed new method for the detection of alloimmune 

responses without the need for radioactive pulsing or irradiation. Flow cytometry 

detection of CD69 in one way MLRs is a well-established alternative for 3H-

thymidine incorporation [36]. As an alternative for irradiation, we have shown the 

superiority of PFA over MMC and AMD for the inactivation of stimulator cells. To 

mimic in vivo sexual alloantigen exposure to a wide range of HLA alleles as 

experienced by ESN FSWs, allogeneic stimulator cells were prepared from 24 male 

blood donors from Abidjan. CFSE-labelling of stimulator cells facilitated their 

discrimination from responder cells during flow cytometry analyses. Although the 

MLR has a heterogeneous cytokine profile and the kinetics of cytokine secretion are 

complex [22], 7 day-incubation was shown to be a good compromise for the cytokines 

and β-chemokines that were analysed [21;22]. However, stimulation with PFA-

inactivated allogeneic cells initially resulted in similar levels of CD69 expression 

compared with PFA-inactivated autologous cells. The minimal differences between 

auto- and allostimulation may be explained by the capacity of PFA to modify both 



17 

autologous and allogeneic HLA, thus increasing their antigenicity. Allostimulation 

eventually revealed higher levels of MIP-1β and RANTES than autostimulation, 

suggesting that our methodology provided physiologically meaningful results. 

Nevertheless, a comparison of the proposed methods with the gold standard MLR 

procedure using irradiated cells remains warranted.  

 

ESN FSWs in this study reported a high frequency of condom use with their clients 

(85% reporting always using condoms). This is likely the result of the intensive 

counselling efforts in this population over the past years [17]. However, the question 

that was asked referred to the previous working days and may not reflect their 

behaviour over a longer period of time. As a result of the high numbers of clients per 

week (median of 10) and the long duration of commercial sex work (> 3 years), most 

ESN FSWs likely have experienced HIV exposure. This can also be witnessed by an 

HIV incidence rate of 4% among HIV-seronegative FSWs in Abidjan [15]. In 

addition, a much lower proportion of FSWs reported using condoms with their regular 

partners (13% reporting always using condoms). Regular partners of FSWs likely 

belong to an HIV risk group (due to partial overlap with FSWs’ clients), and will thus 

contribute to the HIV exposure among ESN FSWs.  

 

Several studies have shown a role for HLA polymorphism in protection against HIV 

transmission [7-12], but its mechanism of action remains uncertain. In addition to the 

induction of alloimmune responses, differential HLA-restricted epitope recognition by 

HIV-specific CTL in recipient and donor, and HLA-KIR interactions that regulate NK 

cell activity have been proposed [36-37]. The present data could at least suggest that 

the putative anti-HIV activity of HLA does not depend on activated alloimmune 



18 

responses. However, our findings could suggest a role for suppressed cellular 

alloimmune responses in protection against HIV infection. In that respect, in vitro 

allogeneic stimulation rendered PBMC more susceptible to HIV infection and 

reactivated HIV replication in latently infected resting CD4+ T-cells [38-39]. Also, 

blood transfusion to HIV-infected persons increased plasma viral load levels [40]. 

Therefore, we could hypothesize that down-regulation of cellular alloimmune 

responses in ESN FSWs constitutes a mechanism to silence potential HIV enhancing 

effects. Indeed, multiparous women, thought to have acquired suppressed cellular 

alloimmune responses [27], were less prone to HIV infection [41] and less likely 

transmitted HIV to their babies [42].  

 

Anti-HLA class I antibodies, detected by a novel and accurate flow cytometry method 

applying HLA-coated polystyrene beads [43], were not found to occur more 

frequently among ESN FSWs than among FBDs. These findings confirm previous 

studies in Nairobi that did not find higher frequencies of class I antibodies among 

ESN FSWs or HIV-negative children born to seropositive mothers [13;14]. However, 

they are at variance with higher class I antibody levels detected among ESN drug 

users and in HIV-discordant couples [44;45]. In fact, in our study, ESN FSWs and 

FBDs with detectable antibodies were all between 29 and 39 years old. This could 

suggest that other factors like pregnancy or (multi-)parity are responsible for anti-

HLA antibody induction. Unfortunately, such data were not available in this study. 

 

In conclusion, our data support the hypothesis that suppressed rather than activated 

cellular alloimmune responses could play a role in protection against infection with 

HIV.
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Figure legends 

 

Fig. 1. Testing alternative inactivation methods for one-way MLR. (a) Percentage cell 

death (7-AAD staining) within T-cells after inactivation with paraformaldehyde 

(PFA), mitomycin C (MMC) and actinomycin D (AAD). (b) MHC class I (W6/32) 

and class II (HLA-DR) expression on T-cells after inactivation with PFA, MMC and 

AMD. (c) CD69 membrane expression on T-cells after inactivation with PFA, MMC 

or AMD and stimulation with PMA/ionomycin (in the absence of brefeldin A). (d) 

Intracellular expression of IFN-γ and IL-4 in T-cells after inactivation with PFA, 

MMC or AMD and stimulation with PMA/ionomycin (in the presence of brefeldin 

A). Data are representative for PBMC from two controls.  

 

Fig. 2. Kinetics of CD69 expression in a one-way MLR. Responder PBMC were 

derived from one control subject, pooled stimulator PBMC were derived from 5 

different control subjects not related to the responder control. (a-d) Dot plots showing 

analysis of CD69 expression on gated CD3+ T-cells after 30 hours of incubation in the 

presence of medium alone, PHA, paraformaldehyde-inactivated and actinomycin D-

inactivated pooled stimulator cells, respectively. Percentages of gated events in the 

four quadrants are indicated. (e) CD69 expression on T-cells after incubation with 

medium alone (control), PHA, paraformaldehyde-inactivated pooled stimulator cells 

(PFA pool), and actinomycin D-inactivated pooled stimulator cells (AMD pool) over 

a 96 hour incubation period. (f) Percentage cell death (7-AAD staining) in bulk 

PBMC after 96 hour of incubation.  
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Fig. 3. Associations between cellular alloimmune responses and sexual exposure 

among ESN FSWs.  (a) Association between allostimulated CD69 expression on 

memory CD4+ T-cells and the duration of commercial sex work among ESN FSWs. 

(b) Association between allostimulated MIP-1β secretion and the consistency in using 

condoms with regular partners. Allostimulated CD69 expression was tested with 

linear regression adjusting for age (variable normally distributed). Allostimulated 

MIP-1β secretion was tested with Mann-Whitney U tests (variable not normally 

distributed). P1, comparison between FBDs and all ESN FSWs; P2, comparison within 

ESN subgroups.  

 

Fig. 4. Plasma anti-HLA class I antibodies in ESN FSWs and FBDs. (a) Percentages 

of HLA class I panel reactive antibodies (% PRA). Filled symbols indicate 

percentages above 10% with a multiple-peak pattern in the histogram plot. P1, Mann-

Whitney U test; P2, logistic regression adjusting for age. (b) Scatter plot of % HLA 

class I PRA against age among ESN FSWs (circles) and FBDs (triangles). Symbols 

like in (a).  
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Table 1. Percentages of CD69+ cells within T-cell subsets in allo-, auto- and PHA-

stimulated PBMC cultures after 40 hours of incubation. 

 

 FBDs (n=18) ESN FSWs (n=20)   

T-cell subset %, median (interquartile range) PP

a PP

b

Allostimulation     
CD4+ 29.8 (18.9-39.5) 23.4 (14.6-32.8) 0.219 0.095 

CD4+ CD45RO- 27.2 (18.0-35.4) 22.3 (13.6-35.0) 0.447 0.238 

CD4+ CD45RO+ 32.2 (19.2-45.2) 25.5 (15.0-33.3) 0.136 0.030 

CD8+ 25.0 (17.5-35.8) 23.7 (16.4-29.9) 0.388 0.050 

CD8+ CD45RO- 24.6 (16.3-34.8) 24.0 (16.3-29.8) 0.640 0.104 

CD8+ CD45RO+ 27.8 (23.3-40.5) 21.8 (17.0-27.5) 0.035 0.006 

Autostimulation     

CD4+ 32.0 (11.5-42.5) 24.9 (15.8-30.4) 0.279 0.064 

CD4+ CD45RO- 29.7 (10.9-40.5) 22.0 (15.1-32.4) 0.397 0.091 

CD4+ CD45RO+ 32.9 (12.0-45.0) 23.1 (17.0-33.1) 0.267 0.044 

CD8+ 24.1 (10.8-36.2) 19.8 (15.6-24.5) 0.397 0.032 

CD8+ CD45RO- 22.2 (8.0-33.9) 18.8 (12.4-23.7) 0.520 0.062 

CD8+ CD45RO+ 35.0 (21.3-42.1) 24.9 (18.9-30.3) 0.050 0.007 

PHA-stimulation     

CD4+ 97.6 (96.9-98.4) 98.1 (97.1-98.6) 0.349 0.770 

CD4+ CD45RO- 97.8 (96.2-98.7) 98.4 (97.0-98.8) 0.405 0.851 

CD4+ CD45RO+ 98.0 (96.6-98.4) 97.8 (96.8-98.5) 0.907 0.923 

CD8+ 91.1 (87.4-93.5) 94.1 (93.1-96.4) 0.019 0.167 

CD8+ CD45RO- 90.3 (84.7-93.1) 94.0 (91.5-96.1) 0.018 0.128 

CD8+ CD45RO+ 94.2 (91.3-95.7) 95.3 (91.9-96.7) 0.373 0.916 
aMann-Whitney u test. bLinear regression adjusting for age; all variables are normally distributed.  

P values below 0.05 are in bold. 
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Table 2. Levels of cytokine and β-chemokine production in allo-, auto-, and PHA-

stimulated PBMC cultures after 7 days of incubation.  

 

 FBDs (n=18) ESN FSWs (n=20)   

 pg/ml, median (interquartile range) PP

a PP

b

Allostimulation     

IFN-γ 39.1 (6.6-549) 10.4 (3.3-22.4) 0.034 N.A.c

TNF-α 6.3 (0.8-289) 6.3 (0.8-6.3) 0.173 N.A. 

IL-10 19.1 (11.8-45.3) 12.8 (6.1-23.6) 0.299 N.A. 

MIP-1β 440 (196-2531) 194 (104-441) 0.024 N.A. 

RANTES 636 (425-1000) 293 (262-446) <0.001 <0.001 

Autostimulation     

IFN-γ 32.6 (12.2-529) 3.3 (3.3-16.6) 0.001 N.A. 

TNF-α 6.3 (6.3-428) 6.3 (0.8-6.3) 0.023 N.A. 

IL-10 28.5 (12.5-46.9) 16.5 (6.5-27.5) 0.047 0.078 

MIP-1β 306 (103.1-1852) 66.1 (25.4-110) 0.001 N.A. 

RANTES 342 (187-606) 122 (98.0-162) <0.001 N.A. 

PHA-stimulation     

IFN-γ 2210 (879-3902) 2505 (1793-3952) 0.447 0.706 

TNF-α 234 (130-427) 406 (277-561) 0.033 0.143 

IL-10 452 (275-739) 525 (320-708) 0.465 0.790 

MIP-1β 12607 (9717-17661) 22438 (16965-31971) 0.002 0.005 

RANTES 3846 (2615-4997) 3837 (3001-6054) 0.569 0.372 
aMann-Whitney U test. bLinear regression adjusting for age. cVariable not normally distributed and 

linear regression not available (N.A.). P values below 0.05 are in bold. 
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