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ABSTRACT: Interleukin (IL)-10 is a type-2 T-helper cell cytokine with a broad spectrum of anti-

inflammatory actions. Inflammation plays an important role in the pathogenesis of chronic

obstructive pulmonary disease. It was hypothesised that single nucleotide polymorphisms (SNPs)

of the genes encoding IL-10 (IL10) and the a subunit of its receptor (IL10RA) are associated with

changes in, or value of, forced expiratory volume in one second (FEV1) in smoking-induced

chronic obstructive pulmonary disease.

In total, eleven SNPs of IL10 and IL10RA were studied in 586 White subjects, selected from

continuous smokers followed for 5 yrs in the Lung Health Study, who showed the fastest (n5280)

and slowest (n5306) decline in FEV1. These 11 SNPs were also studied in 1,072 participants

exhibiting the lowest (n5538) and highest (n5534) baseline FEV1 at the beginning of the Lung

Health Study.

No association was found in the primary analyses. Although a subgroup analysis showed that

the IL-10 3368A allele was associated with a fast decline in FEV1, the association did not pass

correction for multiple comparisons. No gene–gene interaction of IL10 with IL10RA was found.

There was no association of polymorphisms of the genes encoding interleukin-10 and the a

subunit of its receptor with the rate of decline in, or value of, forced expiratory volume in one

second in smoking-induced chronic obstructive pulmonary disease.

KEYWORDS: Chronic obstructive pulmonary disease, forced expiratory volume in one second,
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C
hronic obstructive pulmonary disease
(COPD) is characterised by airway
obstruction that is not fully reversible.

Airway obstruction is defined as a ratio of forced
expiratory volume in one second (FEV1) to forced
vital capacity of ,0.70. The FEV1, presented as a
percentage of the predicted value for age, height,
weight and race, defines disease severity. An
accelerated rate of decline in FEV1 is the hallmark
of COPD. Accumulating evidence suggests that
genetic factors account for 30–50% of the varia-
bility in cross-sectional FEV1 [1, 2], and 18% of
the variability in longitudinal change in FEV1 [3].
However, the genetic determinants of cross-
sectional and longitudinal lung function are not
fully understood in smoking-induced COPD.

The interleukin (IL)-10 gene (IL10) is located at
1q31–32, a region not linked with lung function in
COPD linkage studies [4–6]. IL10 was selected as
a candidate gene based on its known function
and previous association studies. IL-10 is a T-
helper cell (Th) type 2 cytokine that has a broad
spectrum of anti-inflammatory actions. IL-10
levels are reduced in induced sputum from

patients with COPD, indicating that this might
be a mechanism for increasing lung inflammation

[7]. Several single nucleotide polymorphisms

(SNPs) and haplotypes of IL10 have been

associated with the level of expression of IL-10

[8, 9]. The SNPs of IL10 were associated with
FEV1 in asthmatic subjects [10]. A study showed

that one IL10 SNP was associated with rate of

decline in lung function in firefighters [11].

The IL-10 receptor (IL-10R) is a heterotetramer

composed of two of each of the receptor chains
IL-10Ra and IL-10Rb. The IL-10Ra chain plays a

dominant role in mediating high-affinity ligand

binding and signal transduction, whereas the IL-

10Rb subunit is thought to be required for

signalling alone. It was reported that two SNPs
of the IL-10Ra gene (IL10RA; located at 11q23.3),

substitutions of serine 138 with glycine and of

glycine 330 with arginine, have functional impli-

cations [12]. There is an interaction between the

IL-10 and IL-10R complex; IL-10 stabilises dimer-
isation of both IL-10R subunits, and exerts a

variety of immunoregulatory effects [13].
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It was hypothesised that IL10 and IL10RA SNPs and their
interaction influence the decline in, and/or cross-sectional
value of, FEV1 in smoking-induced COPD. The Lung Health
Study (LHS), sponsored by the National Heart, Lung and
Blood Institute (Bethesda, MD, USA), was a clinical trial of the
effects of smoking intervention and bronchodilator treatment
on the progression of COPD [14]. This dataset provides an
excellent opportunity for exploring genetic determinants of
decline, in and/or cross-sectional level of, lung function in
patients who exhibit smoking-induced COPD [15–18].

METHODS

Study subjects
The LHS recruited a total of 5,887 smokers, aged 35–60 yrs,
showing spirometric evidence of mild-to-moderate lung
function impairment from 10 North American medical centres
[14]. From the LHS cohort, two nested case–control studies
were designed to study genetic determinants of the rate of
decline in FEV1 and cross-sectional FEV1. Based on the change
in FEV1 during 5 yrs of follow-up, the 287 and 308 non-
Hispanic White subjects showing the highest (fast decline
group) and slowest (nondecline group) rate of decline in FEV1

were selected from among 3,216 continuous smokers. From all
remaining LHS participants, the 484 and 468 non-Hispanic
White subjects showing the highest (high function group) and
lowest (low function group) post-bronchodilator FEV1 (percent
pred) at the start of the LHS were selected. Since 144
individuals from the rate of decline study groups exhibited
baseline FEV1 within one of these categories (58 individuals in
the high function group and 86 in the low function group),
they were also analysed in the baseline function study. Thus
there were 542 and 554 participants in the high and low
function groups, respectively. Informed consent was obtained
from all participants, and the present investigation received
the approval of the Providence Health Care Research Ethics
Board (Vancouver, BC, Canada).

Tagging SNP selection
The IL10 and IL10RA SNP discovery data were downloaded
from the SeattleSNPs Website [19]. The IL-10 discovery data
from the Innate Immunity Website [20] were incorporated into
data from SeattleSNPs. From all SNPs identified in the 23
unrelated European-American samples from the Human
Polymorphism Study Centre (CEPH) family panel, a set of
tagging SNPs (tagSNPs) was chosen for each gene using the
LDSelect program developed by CARLSON et al. [21]. A
relatively stringent linkage disequilibrium (LD) threshold of
r2.0.8 and minor allele frequency of 10% was used. Four SNPs
of IL10 (fig. 1) and seven of IL10RA were selected using the
LDSelect program. The positions of the selected tagSNPs in the
genes are shown in figures 2 and 3. The corresponding
reference sequence positions are shown in table 1.

Genotyping
Genotyping was performed in 384-well plates using the
TaqMan 5’ exonuclease assay with primers and probes
supplied by the manufacturer (Applied Biosystems, Foster
City, CA, USA). In each plate, 12 DNA samples from the CEPH
panel of known genotype were included as positive controls,
and eight wells lacking templates as negative controls. No

errors were detected in the 10% of randomly selected samples
that were genotyped in duplicate.

Statistical analysis
Hardy–Weinberg equilibrium tests and LD estimation were
performed using R [22], as were all single-locus association
tests. The codominant and additive models were tested first,
and then, if there was a significant association, the dominant
and recessive models were tested to see whether these models
fitted better. If the cell counts were low, significance was
assessed by permutation tests. The Armitage trend test [23]
was used to test for an additive effect of the allele. In the rate of
decline study, multivariate logistic regression analysis was
used to adjust for confounding factors, such as age, sex,
cumulative cigarette consumption and research centre. In the
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FIGURE 1. Tagging (tag) single nucleotide polymorphism (SNP) selection for

the interleukin (IL)-10 gene SNPs using the LDSelect program [21]. The IL10

genotype data came from two sources, SeattleSNPs [19] and Innate Immunity [20]

programmes for genomic applications. Each row corresponds to an individual DNA

sample in the SeattleSNPs and Innate Immunity polymorphism discovery panel;

E001–E023 represent European-Americans. Columns correspond to polymorphic

sites (numbers correspond to the site of the SNP within the gene). Sites are ordered

by linkage disequilibrium, with sites showing similar genotype patterns placed in the

same bin. All of the tagSNPs were selected; genotyped SNPs are indicated with

vertical arrows.
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baseline study, multivariate logistic regression was used to
adjust for the aforementioned confounding factors and an
additional rate of decline of lung function covariate.

Haplotype association was also tested using R [24].
Expectation-maximisation was used to calculate haplotype
frequencies.

Gene–gene interactions

The multifactor dimensionality reduction (MDR) and focused
interaction testing framework (FITF) methods were used to
explore gene–gene interactions. The MDR method is a
nonparametric and genetic model-free alternative to logistic
regression for detecting and characterising nonlinear interac-
tions among factors associated with disease risk [25]. The
more-recent FITF approach tests the association of marginal
effects and interactions using a logistic regression framework
in a series of stages, the number of interacting loci considered
increasing with each subsequent stage [26].

RESULTS

Characteristics of the study groups
The characteristics of the study participants are shown in
table 2. Since no DNA was available for nine subjects in the
decline study and 24 in the baseline FEV1 study, the numbers
of participants in the two studies were 586 and 1,072,
respectively. There were significant differences in several
potential confounding factors, such as age, sex and cigarette
smoking history (in pack-years) between the fast and non-
decline FEV1 groups and also the high and low function (FEV1)
groups. Therefore, the associations of alleles, genotypes and
haplotypes with lung function were analysed using logistic
regression to adjust for these factors.

The allele frequencies of all 11 SNPs did not significantly
deviate from Hardy–Weinberg equilibrium in the nondecline
and high function groups.

Single SNP analysis
The minor allele frequencies of the IL10 and IL10RA SNPs in
different study groups are shown in table 3. Multivariate
logistic regression analysis was used to adjust for confounding
factors, such as age, sex, cumulative cigarette consumption and
research centre, in the rate of decline study, and the
aforementioned confounding factors and an additional rate
of decline of lung function covariate in the baseline study.
There was no association of any of the 11 SNPs studied with
rate of decline or level of FEV1 in additive and codominant
genetic models before or after adjustment for confounding
factors (p.0.05 for all).

In a subgroup analysis stratified by sex, a significant associa-
tion of the IL10 3368G/A SNP with rate of decline in FEV1 was
found in female participants; the frequencies of the 3368A
allele were 14.9 and 22.6% in nondecliners and fast decliners,
respectively (p50.02 for the additive model; odds ratio 1.92
(95% confidence interval 1.06–3.48). However, this association
did not survive correction for multiple comparisons.

Haplotype analysis
Logistic regression analysis was performed to estimate
haplotype disease association. The haplotype frequencies
inferred by the expectation-maximisation algorithm are pre-
sented in table 4. In the rate of decline study, the four IL10 and
seven IL10RA SNP haplotypes were not associated with lung
function decline (p.0.05 for all). In the baseline lung function
study, the frequency of the IL10RA haplotype 5850A/6865A/
6881G/9826A/1371G/12488A/14904G (AAGAGAG) was sig-
nificantly lower in the high versus the low function group (14.1
versus 15.0%) compared with the GGAGGGA haplotype as a
reference (adjusted p50.02). The frequency of the IL10RA
haplotype GGAGGGG was marginally lower in the high versus
the low function group (7.2 versus 8.9%) compared with the
GGAGGGA haplotype as a reference (adjusted p50.05).
However, there were no significant differences in global
haplotype tests of association.

Gene–gene interaction
The IL10 and IL10RA interaction of all possible two-to-four-
locus models was explored using the MDR method. There was
no evidence of epistasis (gene–gene interaction; detailed
results not shown). The result of no epistasis was further
confirmed using the FITF strategy, which was suggested to be
more powerful than MDR (detailed results not shown) [26].

DISCUSSION
Association studies of the IL10 and IL10RA SNPs with rate of
decline and baseline FEV1 were performed using two nested
case–control studies in the LHS. No association was found
with either the rate of decline in, or level of, lung function in
smoking-induced COPD subjects.

Several lines of evidence drove the analysis of the present data
to be stratified by sex. First, it was reported that females might
be more susceptible to the development of severe COPD [27].
Secondly, there was a lower Th1/Th2 cytokine production
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FIGURE 2. Position of single nucleotide polymorphisms within the interleukin-10

gene. Numbered regions represent exons. C: cytosine; A: adenine; G:

guanine; T: thymidine; UTR: untranslated region.
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FIGURE 3. Position of single nucleotide polymorphisms within the interleukin-10

receptor a gene. Numbered regions represent exons. G: guanine; A: adenine;

Ala: alanine; Ser: serine; Gly: glycine; Arg: arginine; UTR: untranslated region.
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ratio by stimulated T-cells in females compared with males,
which was due to females exhibiting lower levels of Th1
cytokines (IL-2 and interferon-c) and higher levels of Th2
cytokines (IL-10 and -4) after stimulation [28]. Thirdly, several
studies have demonstrated that associations of IL10 SNPs with
IL-10 expression levels and diseases are sex-specific [29–31].
Although a subgroup analysis stratified by sex showed that the
IL10 3368A allele was associated with a fast decline in FEV1

(p50.02 for the additive model), the association disappeared
after adjustment for multiple comparisons.

There have been three previous studies of IL10 SNPs and lung
function or COPD (table 5) [10, 11, 32]. In order to compare the
present results with those of previous studies, LD information
must be established for all studied SNPs. The SeattleSNPs and

Innate Immunity SNP discovery data in European-Americans
(fig. 1) are shown in table 5. IL10 734G/T was in perfect LD
with IL10 -1117A/G (IL10 1082 in [10]) and IL10 3916T/C (IL10
4299 in [10]). Similarly, IL10 -627C/A was in almost perfect LD
with IL10 -854C/T (R250.94) [10], and IL10 3368G/A was in
perfect LD with IL10 1812G/T (fig. 1).

A comparison of the present data and previously reported
results is presented in table 5. Although all three previous
studies concluded that IL10 SNPs were associated with FEV1 or
FEV1 change, either the study subjects were not COPD patients
or the associations would disappear if adjusted for multiple
comparisons. In the report of BURGESS et al. [11], the rate of
FEV1 decline was studied in 379 firefighters with respect to
five IL10 SNPs, and only a single SNP (1668AA homozygote)

TABLE 1 Nomenclature of single nucleotide polymorphisms (SNPs) utilised in present study

Gene SNP ID Nucleotides Position in RefSeq Position in gene Position in protein Names in literature

IL10 rs1800872 C/A 472 -627 (promoter) -592

rs3024491 G/T 1833 734 (intron 1)

rs3024492 A/T 2767 1668 (intron 3)

rs3024495 G/A 4467 3368 (intron 4)

IL10RA rs10750121 G/A 8506 5850 (intron 3)

rs2256111 A/G 9521 6865 (exon 4) 153Ala/Ala

rs4252272 A/G 9537 6881 (exon 4) 159Ser/Gly 138Ser/Gly

rs2512146 A/G 12482 9826 (intron 6)

rs4252286 A/G 14028 11372 (intron 6)

rs2229113 G/A 15144 12488 (exon 7) 351Gly/Arg 330Gly/Arg

rs9610 A/G 17560 14904 (3’ UTR)

The reference sequences (RefSeqs) of the genes encoding interleukin (IL)-10 and the a subunit of its receptor (IL10RA) are AF418271 and AY195619, respectively. Gene

positions are numbered by denoting the first nucleotide of the initiator methionine codon as +1 (position 1099 in AF418271 and position 2657 in AY195619). The presence

of an insertion/deletion polymorphism in IL10 leads to a discrepancy between the numbering derived from AF418271 and that commonly used in the literature. In order to

make the numbering comparable with published SNP positions, the numbers of three of the IL10 SNPs were adjusted. Thus rs3024491, rs3024492 and rs3024495 occur

at positions 735, 1669 and 3369 of AF418271, respectively. The numbers used here and elsewhere in the present article are those found in the previous literature. ID:

identifier; C: cytosine; A: adenine; G: guanine; T: thymidine; Ala: alanine; Ser: serine; Gly: glycine; Arg: arginine; UTR: untranslated region.

TABLE 2 Distribution of demographic characteristics in fast/nondecline and high/low function groups

Decline in FEV1 study Baseline FEV1 study

Fast decline Nondecline p-value High function Low function p-value

Subjects n 280 306 534 538

Males/females n 163/117 204/102 0.0346 354/180 333/205 0.1336

Age yrs 49.5¡0.38 47.6¡0.39 0.0005 46.2¡0.3 50.7¡0.3 ,0.0001

Smoking history pack-yrs 42.9¡1.15 38.3¡1.04 0.0029 35.3¡0.8 45.2¡0.8 ,0.0001

Annual DFEV1
# % pred

Pre-BD -4.14¡0.06 1.08¡0.04 ,0.0001 -0.55¡0.07 -1.27¡0.08 ,0.0001

Post-BD -3.43¡0.08 0.67¡0.05 ,0.0001 -0.75¡0.06 -0.79¡0.08 0.7227

Baseline FEV1
" % pred

Pre-BD 72.6¡0.53 75.6¡0.46 ,0.0001 86.5¡0.1 61.1¡0.2 ,0.0001

Post-BD 91.8¡0.1 62.6¡0.1 ,0.0001 91.8¡0.1 62.6¡0.1 ,0.0001

Data are presented as mean¡SEM, unless otherwise stated. FEV1: forced expiratory volume in one second; D: change; % pred: % predicted; Pre-BD: pre-bronchodilator;

Post-BD: post-bronchodilator. #: determined over 5-yr period; ": at start of Lung Health Study.
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was found to be associated with FEV1 decline (p50.023 before
adjusting for multiple comparisons). In the paper of SEIFART et
al. [32], five SNPs were studied in three groups (COPD
patients, population controls and matched controls), and only
moderate evidence of association with COPD was found for

IL10-1082A/G compared with population controls before
adjusting for multiple comparisons (p50.0247 for genotype
distribution; p50.047 for allele frequency). In addition, the
associations of these two studies were not found for the same
SNP or SNPs in the same LD bin. Therefore, the positive
associations in these two studies may represent a type I error.

In the study of LYON et al. [10], which included 518 Caucasian
asthmatic children from the Childhood Asthma Management
Program (CAMP) and their parents, IL10 4299T/C was
significantly associated with FEV1 (percent pred) in both the
family and population analyses (p50.0002), which were still
significant even after adjusting for multiple comparisons.

There are several explanations for the inconsistency of the
present results compared with those of LYON et al. [10]. The
first and most important concern is the issue of the power of
the study when a negative result is found. IL10 4299T/C was in
perfect LD with IL10 734G/T, as mentioned above, and the
IL10 4299T allele frequency was 48.5% in the CAMP study,
which is similar to the IL10 734T allele frequency in the present
study (48.7–52.9% in four different phenotypic groups). The
results of previous power analysis in the present study
samples showed that, for an allele frequency of 48.7% and
the genetic models studied, there was a .90% power for
detecting an allele/genotype relative risk in the region of o1.5
in the baseline lung function groups [33]. Therefore, it is
unlikely that the present negative association was due to lack
of power. Secondly, the subjects in the CAMP study were
asthmatic children, whereas the present study subjects were
adults with smoking-induced COPD. The factors that deter-
mine baseline lung function may be different in these two
different disease entities and/or age groups.

The effects of interaction of IL10 and IL10RA SNPs on the rate
of decline and baseline FEV1 were explored using both MDR
and FITF methods, but there was no evidence of gene–gene
interaction. Since relatively stringent criteria were used to
select tagSNPs and powerful methodologies were used to
perform the analysis, this observation is probably correct.

SUMMARY
There was no association of single nucleotide polymorphisms
of the genes encoding interleukin-10 and the a subunit of its
receptor with rate of decline in, or level of, forced expiratory
volume in one second in patients with mild-to-moderate
smoking-induced chronic obstructive pulmonary disease.
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