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The combination of the interleukin-
1alpha (IL-1alpha-889) genotype and
the interleukin-10 (IL-10 ATA)
haplotype is associated with increased
interleukin-10 (IL-10) plasma levels in
healthy individuals

Family studies have demonstrated striking differences between individuals in

their ability to produce IL-10 following lipopolysaccharide (LPS) stimulation of
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whole blood cultures in vitro, suggesting that differences in IL-10 production

involve a considerable hereditary component. The first aim of this study was to

analyse the possible effect of IL-10 genotypes and haplotypes on IL-10 plasma

levels in a healthy Finnish population. As previous reports have demonstrated

that endogenously produced IL-1 induces LPS-stimulated IL-10 production and

that IL-10 inhibits synthesis of IL-1 in human monocytes, it is apparent that these

two cytokines form an autoregulatory feedback loop. Secondly, we were

interested whether any relationship could be found between IL-10 and IL-1beta in

vivo. To examine this, the influence of IL-1alpha -889, IL-1beta -511 and IL-1Ra

VNTR genotypes and IL-10 genotypes/haplotypes (ACC, GCC and ATA) on IL-10

plasma levels, and a putative correlation between IL-10 and IL-1alpha plasma

levels were analysed. Four hundred adult blood samples were obtained from the

Finnish Red Cross Blood Transfusion Centre, Tampere. The IL-10, IL-1alpha, IL-

1beta and IL-1Ra gene polymorphisms were analysed using PCR. IL-1beta and IL-

10 plasma levels were measured using an ELISA method. Our results indicated

that increased IL-10 plasma levels were associated with the ATA haplotype (p =

0.03) and, surprisingly, with the IL-1alpha allele 2 carrier status (p = 0.02) in

healthy individuals. This IL-1alpha 2+/ATA+ combination was found in 93 subjects

out of 400 analysed (23%) and was associated with significantly high IL-10

plasma levels (p = 0.002). When individuals were classified into three groups,

with no detectable IL-10 plasma levels (n = 145), with moderate levels (n = 152)

and with high levels (n = 100) of IL-10, the IL-1alpha2+/ATA+ combination was

more likely present among those with high levels than among those with

undetectable levels of IL-10 (OR = 3.3, 95% CI 1.8 - 6.0, p < 0.001) or those with

moderate levels of IL-10 (OR = 2.0, 95% CI 1.2 - 3.6, p = 0.012). Besides the

observed association between IL-1alpha genotype and IL-10 levels, a moderate

correlation was found between IL-10 and IL-1beta levels (r = 0.6, p = 0.01) among

IL-10 producers (n = 252). The present findings suggest that the genotype

combination of IL-1alpha 2+/ATA+ has a regulatory effect on basal IL-10 levels

and that among individuals with measurable IL-10 plasma levels, IL-1beta and IL-

10 basal levels correlate. Until now, data on the feedback loop between IL-1 and

IL-10 cytokines have been based on studies in vitro, but now our results suggest

that this relationship may also exist in vivo.

INTRODUCTION

Full text
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Interleukin-10 is an 18 kDa, homodimeric cytokine which has strong

immunosuppressive and anti-inflammatory activities in man. IL-10 has been

shown to inhibit proliferation and IL-2 production in activated CD4  T cells [1],

and is also able to induce a long-term antigen-specific anergic state in these

cells [2]. The effects of IL-10 on human monocytes include inhibition of

lipopolysaccharide-induced production of proinflammatory cytokines [3] and

down-regulation of expression of costimulatory and cell adhesion molecules

[4], as well as MHC class II molecules [5]. IL-10 has also some proinflammatory

activity since it promotes activation and differentiation of B cells and induces

immunoglobulin synthesis and autoantibody production [6]. Activated T cells, B

cells and monocytes are cellular sources of IL-10.

Family studies have demonstrated striking differences between individuals in

their ability to produce IL-10 following lipopolysaccharide (LPS) stimulation of

whole blood cultures in vitro suggesting that differences in IL-10 production

involve a considerable hereditary component [7]. The gene encoding IL-10 has

been mapped to chromosome 1 [8], and several research groups have

demonstrated that both microsatellites and single nucleotide polymorphisms

(SNP) exist within this gene [9-12]. Three single-base-exchange polymorphisms

in the promoter of the IL-10 gene at positions -1082 (G => A), -819 (C => T) and

-592 (C => A) are in strong linkage disequilibrium, forming three haplotypes

common in Caucasian populations; GCC, ACC and ATA [13]. Furthermore, the

haplotype GTA is a possible, but extremely rare combination in Caucasians,

0.6% in Dutch individuals [13].

To find out the functional significance of the IL-10 haplotypes, both in in vivo

disease associations and in in vitro gene expression, studies were performed

[14]. It is thought that the reported SNPs in the promoter of the IL-10 gene occur

within important regulatory regions, which may alter the structure of

transcription factor binding sites. These potential transcription factors are still

poorly defined. The SNP at position -1082 lies within an ETS-like recognition site

and may therefore affect the binding of this factor. The SNP at -819 exists within

a putative positive regulatory region, and the SNP at -592 occurs within a

possible STAT3 binding site and a negative regulatory region [15].

IL-1 is a multifunctional and potent proinflammatory cytokine, which is mainly

produced by macrophages. Although there are several similarities between IL-

1alpha and IL-1beta molecules, differences are remarkable when studying
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regulation of gene expression, translation, secretion and activation [16]. Based

on these differences, it is thought that IL-1beta is a systemic, hormone-like

mediator intended to be released from cells, whereas IL-1alpha is principally a

regulator of intracellular events and mediator of local inflammation [16]. The

genes for IL-1 are located on chromosome 2 and are polymorphic [17-19]. Our

recent data suggest that the rare allele combination of IL-1alpha -889 2.2 + IL-

1beta -511 allele 2 carrier status, has a regulatory effect on basal IL-1beta

production in healthy individuals [20].

Our study aimed to analyse the possible effect of the IL-10 genotypes and the

haplotypes on IL-10 plasma levels in healthy blood donors. As previous reports

have demonstrated that endogenously produced IL-1 induces LPS-stimulated IL-

10 production [21], and that IL-10 inhibits synthesis of IL-1 in human monocytes

[3, 22], it is apparent that these two cytokines form an autoregulatory feedback

loop. Thus, we were interested to find out whether any relationship could be

found between IL-10 and IL-1beta in vivo. To examine this, the influence of IL-

1alpha -889, IL-1beta -511 and IL-1RA VNTR (variable number of tandem repeats)

genotypes on IL-10 plasma levels and a putative correlation between IL-10 and IL-

1beta were investigated.

METHODS

Subjects

Four hundred adult blood samples were obtained from the Finnish Red Cross

Blood Transfusion Centre, Tampere. The donors were adults (18-60 years old)

and they had had no blood-transmitted diseases or any other signs of infection

during a 2-week period prior to the blood donation. Samples were collected into

plastic tubes treated with citrate. From the blood samples, plasma was

separated, compartmentalised and stored at - 20° C until further use. The

approval for human blood use was given by the ethics board of the Finnish Red

Cross Blood Transfusion Centre.

Measurement of IL-10 and IL-1beta plasma levels

IL-10 plasma levels (n = 397) were measured using an enzyme-linked

immunosorbent assay (ELISA; CLB, Pelikine Compact human IL-10 ELISA kit,

Amsterdam, The Netherlands). The sensitivity of the assay was 1 pg/ml and the
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assay was performed according to the manufacturer's instructions. The

manufacturer reports an intra-assay coefficient of variation of less than 10% and

an inter-assay coefficient of variation of less than 10%. Plasma IL-1beta levels

were measured as previously described [20].

Analysis of IL-10, IL-1alpha, IL-1beta and IL-1Ra gene polymorphisms

Genomic DNA was isolated from the mononuclear cells using the salting out

method [23]. The region of the IL-10 promoter, from -1120 to -533, was amplified

by PCR, and single polymorphic sites (G/A at -1082, C/T at -819 and C/A at -592)

were analysed by restriction fragment length polymorphism (RFLP) analysis [24-

26]. The validity of these RFLP-based methodologies was confirmed by

additionally analysing 70 samples with cycle sequencing. The -889 C => T

polymorphism of the IL-1beta gene, the -511 C => T polymorphism of the IL-1beta

gene and the penta-allelic VNTR in the second intron of the IL-1RA gene were

analysed as previously described [17-19].

Statistical analysis

The Kruskal-Wallis test was used to test for significant associations between IL-

10 plasma levels and IL-10 genotypes or IL-1alpha genotypes (Table 1). The Mann-

Whitney U-test was used to test for significant associations between IL-10

plasma levels and the carrier status of IL-1alpha allele 2 or the IL-10 haplotypes

(Table 1). The combined effect of the carrier status of IL-1alpha allele 2 and the

IL-10 ATA haplotype on plasma IL-10 levels was analysed using the Kruskal-Wallis

and the Mann-Whitney U-test (Figure 1). As IL-10 and IL-1beta concentrations

were not normally distributed, the values were square-root transformed before

Pearson's correlation coefficient test. The frequencies of the IL-1alpha 2 /ATA

combination were compared to those of all other combinations in nonproducers,

moderate producers and high producers of IL-10 using the chi-square test (Table

2). The odds ratios were calculated using the logistic regression analysis.

Statistical significance was considered to be at the 0.05 level. Statistical

calculations were performed using SPSS for Windows, version 10.1 (SPSS Inc.,

Chicago, Illinois, USA).

RESULTS

+ +
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The data shown in Table 1 and our previous results [20, 27] demonstrate the

allele frequencies of IL-1alpha, IL-1beta and IL-1Ra, and the genotype and

haplotype frequencies of IL-10. The median IL-10 plasma value was 1.52 pg/ml

(25% and 75% quartiles were 0-3.00 pg/ml) and in 252 of 397 samples (63%)

concentrations were above the detection limit of the assay.

An analysis was carried out to ascertain if there was a genetic association

between different genotypes and IL-10 plasma levels. The IL-10 genotype status

by itself did not have any effect on IL-10 levels (p = 0.10, Table 1). However, when

levels were compared according to the IL-10 haplotypes, it was obvious, that the

ATA carriers had significantly higher IL-10 plasma levels than the noncarriers (p =

0.03, Table 1). The ACC or GCC carrier status did not have any effect on plasma

IL-10 (p = 0.38 and p = 0.22, respectively). It was also noticed that the IL-1alpha

2.2 and 1.2 genotypes had significantly increased IL-10 plasma levels than the

genotype 1.1 (p = 0.05, Table 1). This finding was also confirmed when a

comparison was made according to the carrier status. The carriers of allele 2

secreted significantly more IL-10 than the noncarriers (p = 0.02, Table 1). Neither

the genotype of IL-1beta or the genotype of IL-1Ra had an effect on IL-10 levels (p

= 0.50 or p = 0.51, data not shown).

Since both the carriers of IL-1alpha -889 allele 2 and the carriers of IL-10 ATA

haplotype had increased IL-10 plasma levels, we wanted to analyse a possible

influence of the allele combination on IL-10 levels. This combination was found in

93 subjects out of 400 analysed (23%) (Figure 1) and associated with

significantly high IL-10 plasma levels (p = 0.002, the Kruskal-Wallis test). This

finding was also confirmed when comparisons were made between different

combinations using the Mann-Whitney U-test; IL-1alpha 2 /ATA versus IL-1alpha

2-/ATA- (p = 0.002), IL-1alpha 2 /ATA versus IL-1alpha 2 /ATA  (p = 0.002) and

IL-1alpha 2 /ALPHA/ALPHA versus IL-1alpha 2 /ATA  (p = 0.003).

To clarify the significance of genotype combinations for IL-10 plasma levels,

individuals were grouped into three groups according to the 25 and 75%

quartiles of IL-10 values; nonproducers (0.00-0.00 pg/ml, n = 145), moderate

producers (1.20-2.97 pg/ml, n = 152) and high producers (3.00-118.00 pg/ml, n =

100). It was evident that among high producers, the frequency of the IL-1alpha

2 /ATA  genotype combination was clearly increased as compared to

nonproducers and moderate producers (p < 0.001); 37/100 (37%) versus 22/145

(15.2%) or 34/152 (22.4%), respectively (Table 2). Accordingly, the IL-1alpha

+ +

+ + + -

+ + - +

+ +
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2 /ATA  combination was more likely present among high producers than among

nonproducers of IL-10 (OR = 3.3, 95% CI 1.8-6.0, p < 0.001) or moderate

producers of IL-10 (OR = 2.0, 95% CI 1.2-3.6, p = 0.012). Here, the term "producer

of IL-10" is used although basal plasma levels have been measured and, thus,

rather reflect both production and degradation of systemic IL-10.

Several in vitro studies [3, 22] have shown that IL-10 is a potent inhibitor of IL-

1beta synthesis and, on the other hand, IL-1beta can induce synthesis of IL-10

[21]. To analyse the possible relationship between these cytokines in vivo the

study population was divided into two subgroups: IL-10 nonproducers and IL-10

producers, whose IL-10 levels were 1.20 pg/ml-118.00 pg/ml. This categorisation

was necessary since systemic levels of IL-10 were clearly lower than those of IL-

1beta; the respective median values with quartiles were 1.52 pg/ml (0.00-3.00

pg/ml) and 5.78 pg/ml (2.20-13.60 pg/ml). Due to this difference in systemic

cytokine values and also the difference in detection limits of the cytokine

assays, 37% of IL-10 levels were undetectable compared to 2% of IL-1beta levels.

Thus, the correlation analysis was restricted to IL-10 producers and a moderate

correlation was found in this group between IL-10 and IL-1beta levels; r = 0.6 (p =

0.01). This result could indicate that production of IL-1beta may induce synthesis

of IL-10 in vivo and that these levels may be genetically determined.

DISCUSSION

This report indicates that increased IL-10 plasma levels are associated with the

ATA haplotype and, surprisingly, the IL-1alpha allele 2 carrier status in healthy

individuals. The genetic effect on IL-10 levels in vivo is more distinct when both

of these markers are present at the same time; in our study 23% had this

combination (Figure 1). In line with this, the IL-1alpha 2 /ATA  combination was

more likely present among high producers than among nonproducers or

moderate producers of IL-10.

Although in vitro studies may be critically influenced by several factors such as

cell line and cell stimulus used in the assays, the previous in vitro studies on the

IL-10 promoter region and the IL-10 haplotypes have quite uniformly

demonstrated the association between the ATA haplotype and low IL-10

production capacity. The presence of the ATA or the ACC haplotype has been

associated with low IL-10 production after stimulation of lymphocytes [12], and

also, decreased IL-10 secretion for the ATA haplotype was found after

+ +

+ +
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stimulation of peripheral blood mononuclear cells [26]. Crawley et al. reported

that LPS-stimulated IL-10 production in whole blood cultures was the lowest in

those with the ATA/ATA genotype and that the relative transcriptional activity of

the ATA construct was significantly weaker than that of the GCC construct in

the monocytic cell line [28]. Conversely, the presence of an A at position -1082

related to higher IL-10 production in LPS-stimulated whole blood cultures from

158 donors [29]. We also showed, for the first time, the association between the

ATA haplotype and in vivo IL-10 plasma levels, but in contrast to previous data,

this haplotype association was with high IL-10 levels. It could be argued whether

these in vitro culture conditions mimic those present in vivo and in plasma.

However, both present and previous findings suggest that these polymorphisms

may have functional effects on IL-10 transcription. Accordingly, IL-10 promoter

deletion studies have found regions of the IL-10 promoter between 1200 and

1000 and 750 and 350, which decrease reporter gene activity [15].

There are a few disease association studies concerning the ATA haplotype. The

increased frequency of the ACC or the ATA haplotype has been found in patients

with rheumatoid arthritis who are positive for IgA rheumatoid factor but negative

for IgG rheumatoid factor, although numbers for this patient subgroup were

small and thus the significance of these results is limited [30]. Also the ATA

haplotype has been associated with disease severity in children with

oligoarticular-onset juvenile rheumatoid arthritis that progressed to

polyarthritis [28], and with severe asthma [31]. In a Chinese population, an

association between lupus nephritis and this haplotype has been described

[25]. Interestingly, the ATA haplotype is much more common in the Chinese

populations than in Caucasian populations, but the significance of this finding is

still unclear. Our frequency of haplotypes did not differ significantly from those

published earlier in other Caucasian populations [12, 27, 28].

In addition to the ATA haplotype, the IL-1alpha genotype has an effect on IL-10

plasma levels; this genotype alone had an effect, but this effect was more

significant when both markers were present. Although the molecular

mechanism between the IL-1alpha genotype and IL-10 levels is not clear, we

assume that the missing link between these factors could be IL-1. Our group has

shown that in healthy individuals, a rare allele combination, IL-1alpha -889 2.2/IL-

1beta -511 2 , of the interleukin-1 gene complex associates with high interleukin-

1beta plasma levels [20] and previous in vitro studies suggest that IL-1 is able to

induce IL-10 production in human monocytes [21]. Therefore, we suggest that

+
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the observed IL-1alpha genotype effect on IL-10 levels reflects the effect of this

genotype on IL-1beta levels, which in turn may induce plasma IL-10 levels. The

combination of IL-1alpha 2.2/IL-1beta 2 , previously related to IL-1beta levels, did

not associate with plasma IL-10 levels (unpublished observation). Until now data

on the feedback loop between IL-1 and IL-10 has been based on in vitro studies,

but now our results suggest that this relationship may also exist in vivo. Besides

the observed association between the IL-1alpha genotype and IL-10 levels, a

moderate correlation was found between IL-10 and IL-1beta levels among IL-10

producers.

CONCLUSION
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Figure 1

IL-10 plasma levels in 397 healthy individuals grouped

according to their carrier status for IL-1alpha -889

allele 2 and the IL-10 ATA haplotype. Each dot

represents the value of one sample, and bars indicate

group medians. The combination of IL-alpha 2 /ATA  was

found in 93 subjects out of 400 analysed (23%) and was

associated with significantly high IL-10 plasma levels (p =

0.002, the Kruskal-Wallis test). The respective group

medians with 25 and 75% quartiles were 1.40 pg/ml (0.00-

2.89), 1.48 pg/ml (0.00-2.48), 1.32 pg/ml (0.00-2.73) and

2.11 pg/ml (1.22-4.73).

Figures
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