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Summary
A C-to-A base substitution has been identified at bp -571 in the IL-10 promoter and has been linked
to numerous diseases. To investigate the role of this polymorphism on IL-10 production, T cells, B
cells and monocytes were enriched from peripheral blood from subjects either homozygous for the
C or A allele. Treatment of monocytes and B cells with lipopolysaccharide from individuals
homozygous for the C allele resulted in higher levels of IL-10 production as compared to monocytes
from individuals homozygous for the A allele. Though not statistically significant, when B cells were
treated with anti-IgM or T cells with concanavalin A higher levels of IL-10 were produced from
individuals homozygous for the A allele. Changes in IL-10 protein production were paralleled by
similar changes in IL-10 mRNA production. These results demonstrate that changes in IL-10
production observed due to the -571 genotype depend on both cell type and stimulus.
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Introduction
IL-10 is a unique cytokine displaying both pro- and anti-inflammatory effects in
immunoregulation [1]. In humans, monocytes are the major source for IL-10 production [2,
3] with additional amounts being generated by T cells, B cells [4,5], myeloid dendritic cells
(DC) [6] and mast cells [7]. Of the T cell subsets, the regulatory T cells are the primary cell
types responsible for IL-10 production [8,9]. As part of its anti-inflammatory capability, IL-10
inhibits Th1 production of IFN-γ and IL-2 and Th2 production of IL-4 and IL-5 [10,11]. IL-10
inhibits monocyte MHC class II, B7.1/B7.2 (CD80/CD86) expression, and accessory cell
function [12]. It is the inhibition of accessory cell function that may be the primary means by
which IL-10 inhibits cytokine production by Th1 and Th2 lymphocytes. Expression of IL-10
by immature antigen-presenting cells in the respiratory tract of healthy individuals represents
an established pathway for induction and maintenance of tolerance to antigens [13,14].

Genetic variation in promoter structure is one mechanism that leads to altered expression of
genes [15,16]. Changes in IL-10 production due to a polymorphism could result in a failure to
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maintain a milieu promoting tolerance or anergy. A C-to-A exchange in the IL-10 promoter
located 571 base pairs upstream from the transcription start site has been described [17]. If an
extended haplotype is examined (composed of SNPs at -1061, -798, and -571), the A allele is
only found as an ATA haplotype, while the C allele can exist in an ACC or GCC haplotype
[18]. Some studies have suggested that these single nucleotide polymorphisms, and possibly
the broader haplotypes, might be responsible for differences in promoter strength of the IL-10
gene. Specifically, it has been demonstrated that the C-to-A nucleotide exchange at position
-571 results in increased promoter activity in B cells and that the transcription factors Sp1 and
Sp3 can bind to a region immediately upstream of the polymorphism. The region including the
Sp1/Sp3 site and adjoining polymorphism functions as a transcriptional repressor, and the C-
to-A base exchange relieves the repression mediated by Sp1 [19]. We demonstrated that the A
allele was associated with elevated total serum IgE in subjects heterozygotic or homozygotic
for this base exchange [20]. In addition, this polymorphism has also been linked with increased
severity of a number of diseases including asthma, rheumatoid arthritis, systemic lupus
erythromatosus (SLE) and inflammatory bowel disease [21-24], and is associated with changes
in tumorigenesis and transplantation tolerance [25] and rapid progression to AIDS in
individuals infected with HIV [26]. Each of these represents immune diseases that predictably
could be associated with a loss of either tolerance or repression of immune responses.

While our study demonstrated higher levels of IL-10 promoter activity for the A-containing
allele in B cells, several other investigators have shown that cells with the C-containing allele
had higher levels of IL-10 production. Many of these studies have relied on whole cell blood
cultures or partially purified peripheral blood mononuclear cells stimulated with
lipopolysaccharide to observe this effect [27,28]. Others have used purified T cells and
stimulated with concanavalin A or anti-CD3/CD28 with mixed results in terms of IL-10
production [17,29]. In the present study, we analyzed IL-10 production from highly enriched
populations of T cells, B cells and monocytes under various stimulation conditions in
individuals either homozygous for the C or A allele at position -571 of the IL-10 promoter.

Methods
Subjects

Heparinized venous blood was obtained with informed consent from healthy human volunteers
(18-55 years old) using a protocol approved by the Human Investigation Committee at the
University of Virginia.

Genotyping of IL-10 promoter polymorphism
Real-time PCR was used to genotype the single nucleotide polymorphism (C-to-A) at
nucleotide -571 of the IL-10 promoter. DNA was extracted from anti-coagulated blood using
a Wizard Genomic DNA Purification kit (Promega, Madison, WI). Amplification of the IL-10
promoter was performed using the following primers: 5′-
GCGAGAATCCTAATGAAATCGG-3′ and 5′-TATCCTCAAAGTTCCCAACG-3′.
Detection of the C and A alleles was accomplished through the differential hybridization of
fluorescently labeled probes to the amplified product. The probe for the C allele was 5′FAM-
CCCCGCCTGTCCTGTAGGAAG-BHQ-1 and for the A allele 5′HEX-
CCCCGCCTGTACTGTAGGAAG-BHQ-1 (Integrated DNA Technologies, Inc., Coralville,
IA). PCR consisted of 40 cycles of 30 sec each at 95°, 55° and 72° in a Bio-Rad iCycler
thermocycler (Bio-Rad, Hercules, CA) with real time detection occurring at 72°.

Cell culture
Peripheral blood mononuclear cells (PBMCs) were isolated through Ficoll-Hypaque (Sigma,
St Louis, MO) density centrifugation. CD14+ monocytes were enriched from PBMCs using
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positive selection magnetic affinity column purification (CD14+; Miltenyi Biotec, Auburn,
CA). CD4+ T cells were enriched from PBMCs using positive magnetic affinity column
purification (CD4+; Miltenyi Biotec) and CD4+CD25+ T cells were purified using the
Regulatory T cell Isolation Kit (Miltenyi Biotec). CD19+ B cells were enriched from PBMCs
using positive magnetic affinity column purification (CD19+; Miltenyi Biotec). The purity of
each cell population as measured by flow cytometry was CD4+ T cells (>99%), CD4+CD25+

T cells (>90%), monocytes (>91%) and B cells (>86%) [30].

Cells were washed and resuspended (1.5 × 106 cells/ml) in complete RPMI-1640 medium
containing 0.01 mol/L HEPES (Invitrogen, Carlsbad, CA), 10,000 U/ml penicillin and 10 μg/
ml streptomycin supplemented with 10% autologous serum and maintained at 37°C in 5%
CO2. Cells were stimulated with lipopolysaccharide (LPS) (1 μg/ml) (Sigma), concanavalin A
(Con A) (10 μg/ml) (Sigma), anti-IgM (10 μg/ml) (Kirkegaard & Perry Laboratories,
Gaithersburg, Maryland), anti-CD3 (1.0 μg/ml) (Sigma), anti-CD28 (1.0 μg/ml) (Sigma), or
phorpol 12-myristate 13-acetate (PMA) (0.1 μg/ml) (Sigma) and ionomycin (0.1 μg/ml)
(Sigma). These concentrations were chosen from preliminary studies involving dose-response
curves that demonstrated optimal activity or from other published studies. For studies involving
changes in mRNA expression, cells were stimulated for 16 hrs before RNA was harvested with
the exception of PMA/iomomycin stimulation, which was harvested at 2 hrs. For studies
involving protein expression, cells were stimulated for 24 hrs and supernatants collected.

Cytokine determination
IL-10 (Biosource, Camarillo, CA) levels were measured in supernatants from cultured cells
using a commercial enzyme-linked immunosorbent assay (ELISA) kit, according to the
manufacturer’s instructions. The sensitivity for the assay was <0.78 pg/mL for IL-10.

Reverse transcription of mRNA
Total RNA was extracted from cells using a SV Total RNA Isolation® kit (Promega, Madison,
WI). Conversion of the mRNA to cDNA was performed using a Taqman Reverse Transcription
kit (Roche, Branchburg, NJ) as previously described [31]. Briefly, 200ng of RNA were added
to each reaction along with oligo dT primers, 5.5 mM MgCl2, 2 mM dNTPs, RNasin and reverse
transcriptase. Reactions went through one cycle of 10 min at 25° C, 30 min at 48° C and 5 min
at 95° C in a Bio-Rad iCycler thermocycler (Bio-Rad, Hercules, CA). The cDNA was amplified
by PCR using appropriate primer pairs for IL-10, transforming growth factor (TGF)-β1 and
the housekeeping gene β-actin. Primers for TGF-β1 and β-actin have been previously described
[31]. Primers and probe used for detection of IL-10 are as follows: IL-10 forward 5′-
GAGAACCAAGACCCAGACATCAAG-3′, IL-10 reverse 5′-
CATTCTTCACCTGCTCCACGG-3′ and IL-10 probe 5′-FAM-
CTCAGGCTGAGGCTACGGCGC-BHQ1-3′. Quantification of changes in receptor
expression induced by cytokines was performed using the comparative CT method. Briefly,
the amount of target, normalized to an endogenous reference and relative to a calibrator was
calculated by 2-ΔΔCT with ΔΔ CT = (threshold cycle unstimulated gene of interest-threshold
cycle unstimulated housekeeping gene)-(threshold cycle stimulated gene of interest-threshold
cycle stimulated housekeeping gene). The comparative CT method was validated by showing
that the efficiencies of target and reference amplification were equal across a range of mRNA
concentrations. Primer pairs and probes for each reaction were synthesized by Integrated DNA
Technologies.

Statistical analysis
Data are expressed as means ±SEM. Statistical significance was determined using the
Wilcoxon test with a value of p<0.05 being considered statistically significant.
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Results
Influence of IL-10 -571 promoter polymorphism on IL-10 production in purified leukocyte
populations

We were interested in the effect of the -571 C-to-A polymorphism on IL-10 production from
purified cell populations obtained from peripheral blood. Subjects were recruited and screened
for the IL-10 polymorphism and individuals homozygous for each allele were subsequently
used in the studies (CC; n=11: AA;n=6). Monocytes were separated from peripheral blood
using magnetic bead affinity chromatography and cultured for 24 hrs in the presence or absence
of LPS. Figure 1 shows the IL-10 levels in supernatants from individuals homozygous for each
allele. Unstimulated monocytes from CC-containing individuals had a trend towards slightly
higher levels of spontaneous IL-10 production as compared to AA-containing individuals (43
±11 vs 21±8 pg/ml, respectively). Significantly higher levels of IL-10 were produced (p<0.03)
in response to LPS from monocytes obtained from individuals homozygous for the C allele
(443±53 pg/ml) as compared to those homozygous for the A allele (267±44 pg/ml).

In a second set of experiments, IL-10 production from T cells was measured under various
stimulation conditions. As observed with the monocytes, unstimulated T cells (Figure 2) had
a trend towards higher spotaneous levels of IL-10 in individuals with the CC genotype at
position -571 as compared to the AA genotype (6±3 vs 1±1, respectively). No differences in
IL-10 levels were seen when anti-CD3/anti-CD28 or PMA/ionomycin were used as stimuli.
In contrast, higher levels of IL-10 were observed from AA-containing individuals (158±61 pg/
ml) as compared to CC-containing individuals (118±31 pg/ml) when Con A was used as a
stimulus, though this number did not reach statistical significance. It has been suggested that
Con A stimulation increases IL-10 production in T cells with a regulatory phenotype. In order
to test this directly, we purified CD4+CD25+ T cells from peripheral blood of individuals with
either the CC- or AA-genotype at position -571 of the IL-10 promoter and stimulated the cells
for 24 hrs with Con A. In contrast to stimulation of total CD4+ T cells, very low levels of IL-10
were produced from the CD25= population of CD4= cells. Individuals homozygous for the A
allele (n=3) at position -571 produced 2.73 pg/ml of IL-10 following Con A stimulation, while
individuals homozygous for the C allele (n=6) produced 1.72 pg/ml. The level of IL-10 was
below the limits of detection for unstimulated cells. The CC-containing group was separated
to look at the extended IL-10 haplotype and IL-10 production. No differences were observed
between individuals homozygous for the GCC haplotype (1.89 pg/ml; n=3) or the ACC
haplotype (1.58 pg/ml; n=3).

B cells were also purified and IL-10 production measured. Again, unstimulated B cells from
individuals homozygous for the C allele (20±6 pg/ml) had higher levels of IL-10 production
compared to B cells taken from individuals homozygous for the A allele (2±2 pg/ml) and this
did reach statistical significance (p<0.02). As with monocytes, stimulation of B cells with LPS
resulted in significantly (p<0.03) higher levels of IL-10 being produced in CC-containing
individuals (Figure 3) (CC; 82±24 pg/ml: AA; 26±8 pg/ml). The situation was reversed when
anti-IgM was used to stimulate the B cells, as AA-containing individuals (AA; 34±11 pg/ml:
CC; 17±9 pg/ml) produced more IL-10, though this difference was not significant. When the
C/C group was separated to look at the extended IL-10 haplotype, consisting of the -1061 (A-
to-G) and -798 (T-to-C) polymorphisms, no significant differences were observed in IL-10
production for the various stimuli (GCC/GCC 7.9±4.4 pg/ml; n=5, ACC/ACC 10.1±10.1 pg/
ml; n=2 GCC/ACC 11.56±0 pg/ml; n=1).

Differences in IL-10 protein production correlate with changes in IL-10 mRNA
Having demonstrated that changes in IL-10 production due to various stimuli correlated with
the -571 IL-10 genotype, we wanted to determine if this was solely due to changes in protein
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production or were the observed differences secondary to changes in IL-10 promoter activity
as would be predicted. To address this, cells were cultured under the above conditions, from
individuals with the AA or CC genotype at position -571, harvested and mRNA collected.
Quantitative PCR was performed looking at IL-10 transcript levels with comparison being
made to unstimulated cells. Data from all cell types and stimuli are presented in Table 1. The
mRNA data mirrors the results obtained from culture supernatants. In order to confirm that the
observed changes were specific for IL-10 and not simply a global stimulus of cytokine
production, TGF-β1 mRNA transcripts were measured (Table 2). In contrast to the IL-10
transcripts, the TGF-β1 transcript level did not match the results of the IL-10 supernatants
demonstrating specificity for IL-10 stimulation.

Discussion
Many groups have investigated the effect of the -571 IL-10 C-to-A promoter exchange on
IL-10 production and have reported varying results. The most common finding is that
stimulation of PBMCs with LPS results in higher IL-10 production from individuals with a C
allele at position -571 [27,32]. In contrast, Huizinga et al found that in whole blood cultures,
individuals with a A allele produced higher levels of IL-10 when LPS was used to stimulate
the cells [33]. Part of these differences may be explained by results showing that the dose of
LPS can influence the amount of IL-10 that is produced. It was demonstrated that at low LPS
concentrations, cells from individuals with the C allele produced more IL-10 than cells from
individuals with the A allele. However, at high doses of LPS there were no differences in IL-10
production among the different genotypes [34]. Using purified monocytes (Figure 1) and B
cells (Figure 3), our results support the concept that individuals with the C allele both
spontaneously and upon LPS stimulation produce higher levels of IL-10 as compared to
individuals with the A allele in these cell types. Others have reported a similar phenomena
using PBMCs and Con A, anti-CD3/CD28 or interferon-α as a stimulus [17,29,35,36]. Though
not statistically significant, a slight increase in IL-10 production was observed in purified T
cells from individuals with the C allele when stimulated with either PMA/ionomycin or anti-
CD3/CD28 (Figure 2). Unlike previous reports, T cells stimulated with Con A (Figure 2) had
higher levels of IL-10 production when obtained from individuals with the A allele and B cells
stimulated with anti-IgM displayed the same trend (Figure 3). Our results are consistent with
a recent report that showed peripheral blood mononuclear cells stimulated with
phytohemagglutinin, from individuals homozygous for the A allele at position -571, produced
higher levels of IL-10 than individuals homozygous for the C allele, though in their study there
was additional contribution to IL-10 production from other SNPs on the IL-10 promoter [37].
Some of these differences in comparison to the other reports may reflect individual variability
in representation of distinct mononuclear cell populations amongst PBMCs.

The -571 base exchange occurs between what we confirmed as being an Sp family member
binding site and a sequence with similarity to that recognized by members of the ets family
(AGGAA) [19]. The transcription factor(s) that specifically binds to this region of the IL-10
promoter has not yet been identified, however, the binding affinity of this factor was influenced
by the C-to-A base exchange (unpublished data). Sp1 is a ubiquitous factor that is important
in both transcriptional activation and repression. The interaction of Sp1/Sp3 with this region
of the IL-10 promoter was associated with decreased promoter function [19]. A variety of
transcription factors would be activated following stimulation of cells and action through
different signaling cascades. The interaction of Sp1/Sp3 with other transcription factors may
lead to the opposite functions of activation and repression observed for this polymorphism
depending on the cell line and stimulation used. In part, this will depend on the expression
levels and function of these factors in the differing cell types. These may include the proteins
that bind adjacent to the -571 site and different factors that bind to other regions of the IL-10
promoter and interact with the proteins that bind to this site. Part of the extended haplotype for
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the IL-10 single nucleotide polymorphisms includes a G-to-A base exchange at position -1061
from the transcription start site. The transcription factor PU.1 binds to the A allele at position
-1061 with higher affinity than to the G allele and results in lower transcriptional activity
[28]. Given that the A allele at position -571 always segregates with the A allele at position
-1061, it is possible that an interaction can occur between the transcription factors that bind to
these sites. Studies of Con A treated T cells suggested that stimulation leads to production of
T cells with a regulatory phenotype [38]. We tested whether or not there were differences in
IL-10 production from thymic derived natural T regulatory cells that correlated with IL-10
genotype. The natural T regulatory cells in our studies produced low levels of IL-10 when
stimulated with Con A and no differences were observed when subjects were separated by
IL-10 genotype. Given that differences were not observed in a natural T regulatory cell
population, it is tempting to speculate that genetic differences exist in the ability of induced T
regulatory cells to function, as these cells in contrast to natural T regulatory cells use IL-10 to
mediate their suppressive effects. Induced T regulatory cells are not prevalent in the PBMC
population and would not have confounded our CD25+ T cell results.

Our data supports the concept that the IL-10 -571 polymorphism can lead to either increased
or decreased IL-10 production. The differences being due to the cell type producing the IL-10
and the stimulus used to induce production. These differences could have profound effects on
disease as high IL-10 production early could inhibit the immune response helping to prevent
disease or be deleterious later in the disease progression as it could amplify established
pathways.
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Figure 1.
Differential IL-10 production from monocytes containing the -571 C-to-A promoter
polymorphism. Monocytes were enriched from peripheral blood using magnetic bead affinity
purification and cultured for 24 hrs in the presence or absence of LPS (10 μg/ml). Supernatants
were collected and IL-10 levels measured, separated according to IL-10 genotype: homozygous
CC (n=11) and AA (n=6). P<0.05 is considered statistically significant.
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Figure 2.
IL-10 production from T cells containing the -571 C-to-A promoter polymorphism differs
depending on stimuli in a genotype-specific manner. T cells were enriched from peripheral
blood using magnetic bead affinity purification and cultured for 24 hrs in the presence or
absence of PMA/ionomycin (0.1 μg/ml), Con A (10 μg/ml) or anti-CD3/anti-CD28 (1 μg/ml).
Supernatants were collected and IL-10 levels measured, separated according to IL-10
genotype: homozygous CC (n=11) and AA (n=6). P<0.05 is considered statistically significant.
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Figure 3.
B cells display differential IL-10 production on promoters containing the -571 C-to-A
polymorphism in response to diverse stimuli. B cells were enriched from peripheral blood using
magnetic bead affinity purification and cultured for 24 hrs in the presence or absence of LPS
(10 μg/ml) or anti-IgM (10 μg/ml). Supernatants were collected and IL-10 levels measured,
separated according to IL-10 genotype: homozygous CC (n=11) and AA (n=6). P<0.05 is
considered statistically significant.
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