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Background. Interleukin-10 (IL-10) is a potent immunoregulatory cytokine. IL-10-promoter polymorphisms

have been shown to affect human immunodeficiency virus type 1 (HIV-1) clinical outcomes but the underlying

mechanisms are poorly understood.

Methods. We investigated the relationship between IL-10-promoter variants, plasma cytokine levels, immune

responses and markers of disease outcome in antiretroviral-naı̈ve HIV-1 chronically infected individuals from South

Africa. Two IL-10-promoter single nucleotide polymorphisms (SNPs) were genotyped in 451 participants. Baseline

plasma levels of select cytokines were measured for 112 individuals. Viral load, CD41 T-cell counts and HIV-1-specific

interferon-gamma CD81 T-cell immune responses were measured at baseline. CD41 T-cell counts were measured

longitudinally and rates of CD41 T-cell decline computed for 300 study subjects.

Results. The minor IL-10-1082G and -592A variants occurred at frequencies of 0.31 and 0.34, respectively.

The -592AA genotype associated significantly with attenuated loss of CD41 T cells (P 5 .0496). Individuals

possessing -1082GG had significantly higher IL-10 levels compared to -1082AA/AG (P 5 .0006). The -592AA

genotype was associated with greater breadth of virus-specific CD81 T-cell responses compared to CC and CA

(P 5 .002 and .004 respectively).

Conclusions. IL-10-promoter variants may influence the rate of HIV-1 disease progression by regulating IL-10

levels and the breadth of CD81 T-cell immune responses.

It is now approximately 3 decades since the human im-

munodeficiency virus type 1 (HIV-1) was first described,

and the virus has since spread to become a pandemic

with high morbidity and mortality. Almost two-thirds of

the world’s HIV-infected individuals are found in sub–

Saharan Africa, including South Africa [1]. Although

antiretroviral drugs are now widely available for the

clinical management of HIV-1 infection, significant

challenges in the roll-out and subsequent lifelong use of

these drugs remain, and it is unlikely that the spread

of HIV-1 will be substantially curtailed without a pre-

ventive vaccine or immunotherapy. However, vaccine

development efforts have been significantly hampered

by the limited knowledge of the biological factors that

underlie HIV-1 pathogenesis, and so far, only modest

success or failure has been achieved with candidate HIV-1

vaccines that have undergone large-scale human trials

[2–4]. The considerable variation in the natural history

of HIV/AIDS and disproportionate global distribution

of HIV infection present an opportunity to study
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biological factors that may influence HIV/AIDS pathogenesis,

and have the potential to be manipulated for effective vac-

cination or therapy [5, 6].

Geographical differences of host genetic factors that influence

HIV/AIDS exposure or infection are well illustrated in the dis-

tribution of the CCR5 chemokine receptor mutation CCR5-D32,

which has been associated with protection against HIV-1 in-

fection by R5 HIV-1 variants [7, 8]. Studies have shown that the

frequency of the CCR5-D32 alleles is higher among Northern

Europeans, decreasing geographically further south [9]. Likewise,

the HLA locus, which codes for HLA class I molecules (which

function to present pathogen-derived peptides on the cell surface

of infected cells for recognition by CD81 T lymphocytes [5, 9]),

displays significant natural variation among geographically di-

verse populations, and has been associated with differences in

HIV/AIDS disease progression and natural viral control [9–11].

Interleukin-10 (IL-10) is a potent anti-inflammatory cytokine,

whichplays a key role in regulating the immune response [12, 13].

IL-10 has also been shown to downregulate the expression of

proinflammatory cytokines as well as the expression of major

histocompatibility complex class I and II molecules [14–17].

Previous studies have focused on the 3 classic single-nucleotide

polymorphisms (SNPs) found in the proximal promoter region

[18–21]. These polymorphisms are found at positions -1082

(rs1800896), an A to G transition; -819 (rs1800871), a C to T

transition; and -592 (rs1800872), a C to A transversion. The 819

and -592 mutations are in complete linkage disequilibrium.

IL-10 variants are associated with differential IL-10 production

[19, 22–24]; -1082G with high IL-10 production and the -592A

with low IL-10 production. Genetic association data suggests that

IL-10 variant -592A, a low IL-10 producer variant, is linked with

increased susceptibility to HIV-1 infection and an accelerated

progression to AIDS, particularly in the late stages of the disease

among European Americans [20, 21, 25]. Consistent with these

data, it was demonstrated in an African cohort that survival was

doubled in carriers of the IL-10-1082G allele, which is asso-

ciated with increased IL-10 production [18]. Therefore, there

is evidence that suggests that IL-10 polymorphisms associated

with increased IL-10 production have a protective role against

disease progression, possibly by decreasing the chronic im-

mune activation that is a major factor in HIV pathogenesis.

On the other hand, we have recently shown in a cohort of

high-risk black African women that although the IL-10 poly-

morphisms -1082AA and -592AA associated with decreased

IL-10 production were overrepresented among seroconverters

compared with those who remained HIV-1 negative in longitu-

dinal follow-up, these polymorphisms also associated with high

viral loads and low CD4 counts during the acute/early phases of

infection, suggesting that the effects of IL-10 polymorphisms may

be infection-phase dependent and that high IL-10 levels during

the early phase may be detrimental [26]. Mechanistic studies of Ta
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the lymphocytic choriomeningitis virus (LCMV) in mice showed

that IL-10 gene knock-out or signaling blockade enhanced T-cell

immune responses, resulting in rapid viral elimination and the

development of antiviral memory T-cell responses [27, 28]. We

have also shown in vitro that IL-10 blockade in peripheral blood

mononuclear cells (PBMCs) from HIV-infected individuals re-

sulted in restoration of proliferative and effector CD4 T-cell

function [29]. IL-10 is also reported to enhance detrimental de-

letion of dendritic cells by natural killer cells, further exacerbating

immune dysfunction in chronic HIV-1 infection [30]. Taken

together, these studies suggest a complicated but significant role

for IL-10 in viral pathogenesis, and considering that manipula-

tion of the IL-10 pathway to boost antiviral immune responses

and improve vaccine effectiveness has been suggested, there is

a clear and urgent need to better decipher underlying mecha-

nisms of pathogenesis for this immunoregulatory cytokine, par-

ticularly in geographical regions most severely affected by the

HIV-1 epidemic, as this may have implications for immuno-

therapeutic strategies and vaccine design.

Therefore, the purpose of this study was to investigate the

frequency of IL-10-promoter polymorphisms in a large cohort of

antiretroviral-naive chronically HIV-1-infected predominantly

Zulu/Xhosa individuals to determine whether these polymor-

phisms affect markers of HIV-1 disease progression; namely, viral

load, CD41 T-cell counts, and the rate of CD41 T-cell decline.

We also wanted to determine whether these polymorphisms are

associated with differential levels of select pro- and anti-

inflammatory plasma cytokines. Furthermore, we sought to

explore the link between these polymorphisms and levels of

cytotoxic T-cell immune responses, which have been shown to

play a role in the control of HIV-1 replication. Our data suggest

that IL-10-promoter polymorphisms may modulate HIV-1

pathogenesis, possibly through effects on plasma IL-10 levels and

the breadth of immune responses, among other mechanisms.

MATERIALS AND METHODS

Study Population, Materials, and Methods
The HIV Pathogenesis Programme (HPP) Sinikithemba co-

hort is described in detail elsewhere [31]. This cohort is based

at McCord Hospital in Durban, South Africa. The cohort was

established in August 2003, with 451 antiretroviral-naive

chronically HIV-1-infected adult study subjects enrolled until

June 2006.

CD4 cell counts and plasma viral loads were performed

routinely for study participants. CD41 T-cell counts were enu-

merated by flow cytometry (Becton Dickinson, San Jose, CA),

while plasma viral loads were measured using the Roche Am-

plicor version 1.5 assay (Roche, NJ). CD41 T-cell counts were

performed at 3-month and plasma viral loads at 6-month in-

tervals. The number and magnitude of HIV peptides targeted by

cytotoxic T lymphocytes (CTLs) were measured at baseline by

interferon-c (IFN- c) enzyme-linked immunospot (ELISPOT)

assay using a panel of 410 overlapping peptides spanning the

HIV-1C proteome [31, 32].

IL-10 genotype data for SNPs -1082 and -592 were generated

using predesigned TaqMan SNP Genotyping assays (Applied

Biosystems, CA). Plasma IFN-c, IL-2, IL-6, IL-10, and tumor

necrosis factor (TNF)–a concentrations were determined by

Luminex, using the Millipore Milliplex MAP High Sensitivity

Human Cytokine Kit.

Different methods of statistical analysis were used to de-

termine the association and correlation of IL-10 variants/levels

with aforementioned biomarkers. We used the v2 test to com-

pare the allelic frequencies of the IL-10 variants, confirming their

fit to Hardy–Weinberg equilibrium. Kruskal–Wallis tests were

used to determine the association between IL-10 variants and

viral load or CD41 T-cell count. The CD4 decline over

24 months of follow-up was estimated using multivariate mixed

effects models. The Kruskal–Wallis test was used to determine

the association between IL-10 variants andmagnitude or breadth

of immune responses. To determine if there was an association

between IL-10 variant and plasma IL-10 concentration, the

Kruskal–Wallis test was used. The Pearson product moment

correlation test was used to determine the association between

IL-10 concentration and markers of HIV-1 pathogenesis or

plasma cytokines.

RESULTS

IL-10-Promoter Genotyping
The2 IL-10 promoter positions -1082 and -592 were polymorphic

in this cohort of HIV-1C chronically infected individuals. The

allele frequencies of the minor -1082G and -592A polymorphisms

Table 2. Baseline Viral Load and CD41 T-Cell Count Based on IL-10 Genotype

21082 Genotype 2592 Genotype

AA AG GG P value CC CA AA P value

Baseline CD4 (cells/lL) 341 375 431 0.23 397 339 341 .22

Log mean pVL (log copies/mL) 4.8 4.8 4.7 0.40 4.8 4.8 4.8 .41

Abbreviation: pVL, plasma viral load.
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were 0.31 and 0.34, respectively. Allele frequencies were confirmed

by v2 tests to be in Hardy–Weinberg equilibrium for the entire

cohort and for subgroups analyzed in this study. The baseline

characteristics of the cohort are shown in Table 1. The median age

of the study group was 31 years, 82% were female, 36% had

a baseline viral load (VL) .100 000 copies/mL, 62% had

Figure 1. The rate of CD41 T-cell decline over 24 months based on IL-10 variants. Data was stratified into different groups based on viral load
and CD4 count (ie, CD4 .350, VL .100 000; CD4 .350, VL #100 000; CD4 #350, VL .100 000; and CD4 #350, VL #100 000). The numbers in
the bars indicate the number of people in each category. A, The rate of CD41 T-cell decline over 24 months based on -1082 genotype. The low
IL-10-producing -1082AA groups tended to have an attenuated loss of CD4 cells as compared to the other groups; however, this was not significant
(P 5 .15). B, The rate of CD41 T-cell decline over 24 months based on -592 genotype. The low IL-10-producing -592AA group had an attenuated loss
of CD4 cells over 24 months. The was a significant association between -592 genotype and CD4 cell loss (P 5 .0496). Abbreviations: IL, interleukin;
VL, viral load; k, thousands.
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a baseline CD4 count.350 cells/lL, and had a median follow-up

of 24.7 months.

Viral Load, CD41 T-Cell Count, and CD4 Decline
For the 409 individuals with baseline data, we investigated the

association between the IL-10 genotypes and baseline viral load

and CD41 T-cell counts. Table 2 shows the association between

baseline viral load and CD41 T cells. In this cross-sectional

analysis, we found no association between any IL-10 variant and

viral load or CD41 T-cell count.

We investigated the rate of CD41 T-cell decline in 300 in-

dividuals with follow-up data. Figure 1 shows the rate of CD41

T-cell decline over 24 months based on genotype. CD4 de-

cline was stratified according to CD4 and viral load (ie, CD4

.350, VL .100 000; CD4 .350, VL #100 000; CD4 #350,

VL .100 000; CD4 #350, VL #100 000). The low-IL-10-

producing -1082AA genotype had an attenuated CD4 cell loss

compared with the -1082AG or -1082GG groups (Figure 1A). This

trend was seen in each strata; however, there was no significant

association (P 5 .15). The low-IL-10-producing -592AA geno-

type had an attenuated loss of CD4 cells over all strata (Figure 1B),

with a borderline significant association between the -592 geno-

type and CD4 decline over 24 months (P 5 .0496). Overall, low-

IL-10-producing variants had an attenuated loss of CD4 cells over

all strata in this study cohort.

Cytokine Expression Analysis
We next investigated the association between IL-10-promoter

polymorphisms and plasma IL-10 and/or plasma proinflam-

matory cytokines IFN-c, IL-2, IL-6, and TNF-a in a subset of

112 individuals. To determine if IL-10 levels associate with IL-10

polymorphisms in an African setting of chronic HIV-1C in-

fection, we investigated if plasma IL-10 levels associate with

IL-10 variants (Figure 2). We grouped the genotypes according

to dominance patterns previously described by Shin et al. [21].

Figure 2A shows that based on a recessive model, the -1082GG

group had significantly higher median plasma IL-10 concen-

tration compared with the combined -1082AA/AG groups

(P 5 .0006). Figure 2B shows that when considering a dominant

model [33], the -592CC group had a higher median IL-10 con-

centration as compared with the combined -592CA/AA groups;

however, this was not significant (P 5 .2180). In a cross-sectional

analysis, and in contrast to what had been seen in other cohorts

of different ethnicities located in other geographic areas [29],

IL-10 plasma levels did not significantly correlate with viral load

(Pearson correlation 5 0.08465, P 5 .3838), CD4 count (Pear-

son correlation520.02797, P 5 .7749), the breadth of immune

responses (Pearson correlation 5 20.0613, P 5 .5304), or the

magnitude of immune responses (Pearson correlation 5 0.0597,

P 5 .5412), data not shown. As IL-10 is a major inhibitory im-

munoregulator, we next examined whether the different

IL-10-promoter polymorphisms were associated with dis-

tinct cytokine profiles in peripheral blood. Figure 3 repre-

sents the analysis of the 5 cytokines that were measured.

Figure 3A shows that there was significant positive correlation

between the levels of each of the proinflammatory cytokines

(IFN-c, IL-2, and IL-6 and TNF-a) and IL-10 levels (P , .0001,

Spearman rank correlation [q]). Figure 3B and 3C shows that,

overall, IL-10 dominated the measured plasma cytokine levels

in this chronic HIV-1C setting irrespective of the IL-10

genotype.

Breadth and Magnitude of Immune Responses
In the LCMV murine model of chronic viral infection,

IL-10-deficient mice showed an increased frequency of tetramer-

positive virus-specific CD81 T cells, and IL-10 receptor blockade
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Figure 2. The association of IL-10 expression based on IL-10 genotype. A, the association of IL-10 expression based on -1082 genotype. Genotypic
groups were grouped according to a recessive model of inheritance. We found a significant association between -1082 genotype and IL-10 expression
(P 5 .0006). B, The association of IL-10 expression based on -592 genotype. Genotypic groups were grouped according to a dominant model of
dominance. There was no significant association between -592 genotype and IL-10 expression (P 5 .2180). Abbreviations: IL, interleukin; VL, viral load;
k, thousands.
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increased IFN-c production by virus-specific CD81 T cells

[27, 28] We therefore reasoned that IL-10 variants that affect

IL-10 production and influence disease progression may also be

linked with the magnitude (number of IFN-c-producing cells

per million PBMCs) and breadth (number of HIV peptides

targeted by CTLs) of HIV-1-specific immune response in vivo, as

measured by IFN-c ELISPOT. We thus investigated the associ-

ation between IL-10 variants and the magnitude and breadth of

CD81 T-cell immune responses. Figure 4A and 4B shows the

association between the magnitude of immune responses based

on the 1082 and -592 genotypes, respectively. We found no

significant association between the magnitude of HIV-1-specific

immune responses and -1082 genotype (P 5 .44) or the -592

genotype (P 5 .17). We then assessed the breadth of immune

responses in relation to IL-10 genotype. We found no significant

association between -1082 genotype and the number of HIV

peptides targeted by CTLs (P 5 .2316). However, there was

a significant association between the number of HIV peptides

targeted and the -592 genotype (P 5 .0069). The low-IL-10-

producing -592AA group had a median of 12 HIV peptides

versus 7 peptides targeted for the -592CC or -592CA genotypes

(P 5 .002 and 0.004, respectively).

Figure 3. Cytokine expression during chronic HIV-1C infection. IL-10, IFN-c, TNF-a, IL-2, and IL-6 were measured by Luminex methodology in 112
individuals. A, The correlation between IL-10 and IFN-c, TNF-a, IL-2, and IL-6. Overall, all the cytokines had a significantly positive correlation with IL-10
expression (P , .0001 for each cytokine, Spearman q). B, Proportion of cytokine expression based on IL-10 -592 genotype. IL-10 seemed to dominate
cytokine expression overall. C, Proportion of cytokine expression based on IL-10 -1082 genotype. IL-10 seemed to dominate cytokine expression overall.
Abbreviations: HIV, human immunodeficiency virus; IL, interleukin; IFN, interferon; TNF, tumor necrosis factor.
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DISCUSSION

In this study, we sought to extend earlier observations on the

modulation of HIV-1 infection by genetic polymorphisms of the

IL-10 promoter to an investigation of possible underlying mech-

anisms in vivo. We therefore characterized IL-10-promoter SNPs

in a large, predominantly black African cohort chronically in-

fected with HIV-1 subtype C. IL-10 polymorphisms were in-

vestigated for association with biomarkers of disease progression;

namely, plasma viral load, CD41 T-cell counts, and the rate of

CD41 T-cell decline. These polymorphisms were then analyzed

for association with plasma IL-10 and select proinflammatory

cytokines levels (as this had not previously been investigated in an

HIV setting), and the breadth and magnitude of CD81 T-cell

immune responses. Our data suggest an association between

IL-10-promoter genotypes with the rate of CD41 T-cell loss

during chronic HIV-1 infection, an association with plasma IL-10

levels, a predominance of the anti-inflammatory IL-10 over

proinflammatory cytokines in the plasma of HIV-1-infected

individuals, and an effect of IL-10 polymorphisms on the breadth

but not the magnitude of CD81 T-cell immune response.

Our data suggest that in an African setting of chronic HIV-1

infection, IL-10 variants may influence the rate of disease pro-

gression. Our investigation into the role of IL-10 in HIV-1C

pathogenesis showed that these IL-10-promoter polymorphisms

that have been previously shown to be associated with differing

levels of IL-10 expression [19, 22–24] significantly associate with

differential IL-10 expression in an HIV setting. Low-IL-10-

producing -592 variants showed a trend toward attenuated

CD41 T-cell loss. These data differ from earlier studies in

European and African cohorts in which high-IL-10-producing

genotypic variants were associated with attenuated CD41 T-cell

loss or progression to AIDS [18, 21]. A possible explanation for

these differences might be that the effect of IL-10-promoter

variants on HIV-1 pathogenesis is infection-phase dependent, as

we have previously suggested [26]. This interpretation is also

consistent with the observations of Shin and colleagues [21] who

found that high-IL-10-producing genetic variants were
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Figure 4. Magnitude and breadth of immune responses based on genotype. A, the magnitude of HIV peptides targeted by CTLs (IFN-c) based on -1082
genotype. There was no significant association between -1082 genotype and the magnitude of immune responses (P 5 .044). B, The magnitude of HIV
peptides targeted by CTLs (IFN-c) based on -592 genotype. There was no significant association between -592 genotype and the magnitude of immune
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immunodeficiency virus; CTLs, cytotoxic T lymphocytes; IFN, interferon.
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protective against disease progression, particularly during late

states of infection, and yet the genetic removal of or blockade of

IL-10 in a mouse model of chronic viral infection has been

shown to result in viral clearance [27, 28]. Our hypothesis is that

high IL-10 production (and by extension high-IL-10-producing

promoter genotypes) are detrimental during early HIV-1 in-

fection because of downregulation of antiviral adaptive and

innate effector mechanisms [30, 34, 35] but beneficial in late

stages of infection because of anti-inflammatory effects of IL-10

and direct-inhibition viral replication in macrophages [36–38].

It is also possible that different strains of HIV-1 induce different

levels of IL-10, as has been recently demonstrated for HIV-1 B

versus C trans-activating proteins [39], although this explana-

tion is unlikely to account for the different results observed in

our study versus the other African study [18] since both were

done in settings where HIV-1 subtype C predominates. Alter-

natively, IL-10 SNPs may have underlying undetermined epi-

genetic or environment modulatory factors, or these SNPs may

be in linkage disequilibrium with other genes with a modulatory

role on attenuated CD41 T-cell loss. Further studies will be

needed to discriminate between these possibilities.

Overall, IFN-c, IL-2, IL-6, and TNF-a had a significant positive

correlation with IL-10 expression. Showing that in an HIV-1C

setting, both pro- and anti-inflammatory cytokines are upregu-

lated. However, we found that the proportion of IL-10 expression

seemed to dominate over the expression of the other cytokines.

The dominance of IL-10 expression suggests that as the pro-

duction of proinflammatory cytokines increases, the production

of IL-10 also increases to reduce inflammation and activation.

The -592A variant, associated with low IL-10 production,

significantly associated with a higher number of HIV-1 peptides

targeted by CTLs. These data are consistent with results from

mechanistic studies on the LCMV mouse model, which show

that the removal or blockade of IL-10 enhance T-cell immune

responses [27, 28]. Similarly, results from our study of IL-10

blockade in vitro resulted in restoration of proliferative and

effector CD4 T-cell function [29]. Lower IL-10 levels may allow

for the expression of HLA class I and II molecules, which in turn

increases the presentation of pathogen-derived peptides on the

cell surface of infected cells, for recognition by CD81 T lym-

phocytes. However, as IL-10 levels did not correlate with plasma

viral load, CD41 T-cell count, or the breadth of immune re-

sponses, IL-10 polymorphisms may contribute to the quality of

immune responses via a complex pathway that has yet to be

elucidated. Alternatively, differential levels of IL-10 secretion

that are critical for paracrine cell–cell interactions may not be

reflected by differences in IL-10 plasma levels.

There are a number of limitations to this cohort study. First,

the time since HIV-1 infection is unknown for study partic-

ipants, which may have introduced a survivor bias in analysis of

IL-10 polymorphisms since these have been shown to affect

survival [18]. Second, since time of infection was unknown, we

may be analyzing individuals at different phases of infection

together, although we stratified our data according to viral loads

and CD4 cell counts to partially mitigate for this limitation. This

study also focused on 2 proximal IL-10-promoter poly-

morphisms, only a subset of IL-10 SNPs shown to affect IL-10

production. Finally, IL-10 and other cytokines can be induced

by a plethora of pathogens, and we lacked data on coinfection

status of participants in this study.

In conclusion, our study highlights the complex role that

IL-10 and IL-10 genetic variants may play in HIV-1 pathogen-

esis. We show that IL-10-promoter polymorphisms may play

a role in the rate of CD4 T-cell loss in chronic HIV infection, and

affect IL-10 plasma levels and the breadth of anti-HIV CD81

T-cell immune responses. However, to fully understand the ef-

fects and underlying mechanisms of IL-10 in HIV-1C patho-

genesis, expanded analysis is required of the proximal and distal

SNPs. Additional mechanistic studies will also be required in

order to fully understand how best to target the IL-10 pathway

for effective immunotherapy or a vaccine.
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