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Abstract
Indoor air pollution has been documented as an important risk factor for chronic obstructive
pulmonary disease (COPD), and inflammation is central to the development and progression of
COPD. Single nucleotide polymorphisms (SNP) in some cytokine genes have been reported to be
associated with COPD. We examined the association between 18 SNPs in 10 cytokine genes and
COPD risk in a case-control study conducted in a population with high exposure to indoor smoky
coal emissions. The study included 53 COPD cases and 122 healthy community controls. Carriers
of the CSF2 117Ile allele had a 2.4-fold higher risk of COPD than the wild type (Thr/Thr) carriers
(OR: 2.44; 95% CI: 1.10 – 5.41), and the AA genotype at IL8 -351 was associated with an increased
risk of COPD (OR: 2.71; 95% CI: 1.04 – 7.04). When the combined effects of CSF2 117Ile and IL8
-351A were examined, individuals carrying at least one variant in both genes had a five-fold increased
risk of COPD (OR: 5.14, 95% CI: 1.32 – 29.86). This study suggests that polymorphisms in both
CSF2 and IL8 may play a role in the pathogenesis of COPD, at least in highly exposed populations.
However, in view of our relatively small sample size, this study should be replicated in other
populations with substantial exposure to indoor air pollutants such as polycyclic aromatic
hydrocarbons (PAH) and particulate matter.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a common disease characterized by airflow
obstruction. It is the fourth leading cause of death in the United States and the first in rural
areas of China. A number of factors have been documented as causal factors for COPD
including tobacco smoking and indoor air pollution (IAP). In Xuan Wei, China, smoky coal is
widely used for cooking and heating, often with poor ventilation (Mumford et al., 1987a), and
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rates of lung cancer were among the highest in China (Mumford et al., 1987c). Rates of COPD
were also over twice the national average (Chapman et al., 2005d). A previous cross-sectional
study found that smoky coal use was a strong risk factor for COPD in Xuan Wei, but tobacco
smoking was found not to be associated significantly with COPD (He and Yang, 1994). In a
cohort study in Xuan Wei, we found that reducing indoor coal smoke exposure by chimney
installation was followed by a marked decrease in incidence of COPD, stronger than the effect
of tobacco smoking (Chapman et al., 2005c). Further, indoor air monitoring has shown that
levels of particulates and PAHs drop markedly with improved stove ventilation (PM10: from
2.08 to 0.71 mg/m3; Benzo(a)pyrene: from 1.66 to 0.25 ug/m3) (Lan et al., 2002). Most men
smoke tobacco in this area of China, and traditionally they have used a water pipe, which is
likely to reduce exposure to COPD-causing agents. On balance, it is very likely that COPD in
Xuan Wei has been caused mainly by IAP. Indoor smoky coal burning generates a high
concentration of particulate matter and polycyclic aromatic hydrocarbons (PAH) (Mumford et
al., 1987b), both of which are thought to provoke inflammatory and/or allergic disorders (van
Eeden and Hogg, 2002;Tauchi et al., 2005). Genetic factors are likely to influence individual
susceptibility. Coal and biomass fuel are widely used for cooking and heating in developing
countries; the total population at risk is estimated at about 3 billion. Therefore, it is very
important to identify the genetic susceptibility factors of IAP-induced COPD.

Inflammation is central to the development and progression of COPD. A variety of cytokines
are secreted in the inflammatory process and play an important role in COPD (Reid and
Sallenave, 2003). Colony stimulating factor 2 (CSF2), a pro-inflammatory cytokine, also
named granulocyte macrophage-colony stimulating factor (GM-CSF), is capable of generating
both granulocyte and macrophage colonies from precursor cells. A growing body of evidence
indicates that CSF2 has important functions in host responses to external stimuli and in
inflammatory/autoimmune conditions. A polymorphism of CSF2 in codon 117 (Thr → Ile)
has been associated with atopic asthma (Rohrbach et al., 1999a). Interleukin 8 (IL8), a
chemokine member, mediates the activation and migration of neutrophils from peripheral
blood into tissue. It plays a critical role in initiating and amplifying inflammatory processes.
An A→T transversion in the promoter of IL8 (-351) has been reported to be positively
associated with bronchiolitis (Hull et al., 2000b) but inversely associated with bronchial asthma
(Heinzmann et al., 2004b). In addition, single nucleotide polymorphisms (SNP) in some other
cytokine genes have been associated with COPD including TNF, LTA, IL1B, IL4, IL10, and
IL13. We report here the results of polymorphisms in these cytokine genes (TNF, LTA, IL1B,
IL4, IL10, IL13, CSF2 and IL8) and two IL8 receptor genes (IL8RA and IL8RB) in a population-
based case-control study in Xuan Wei, China.

Materials and methods
A population-based case-control study of lung cancer was conducted in Xuan Wei from 1995
through 1996 to investigate the role of genetic susceptibility factors on lung cancer risk in a
highly exposed population. A total of 122 newly diagnosed lung cancer patients were enrolled.
One control was selected for each lung cancer case, matching on sex, age (± 2 years), village
and type of fuel used currently for cooking and heating at home. At the same time, all newly
diagnosed chronic bronchitis and/or emphysema patients who had lived in Xuan Wei over their
lifetime were collected from the Xuan Wei County Hospital. Chronic bronchitis and
emphysema were combined into a single category – COPD, as in the cohort study (Chapman
et al., 2005b). The participation rate was 100% and a total of 53 COPD patients were enrolled.
The controls in the lung cancer case-control study were used as controls in the COPD study.
Because lung cancer in Xuan Wei was predominantly driven by IAP rather than tobacco
smoking and controls were matched to lung cancer cases on village and type of fuel, the controls
had a high exposure to IAP just as the lung cancer cases had. DNA was extracted from sputum
samples. A total of 18 SNPs in 10 genes were genotyped at the National Cancer Institute Core
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Genotyping Facility (http://cgf.nci.nih.gov) and are listed in Table 1. The concordance rates
between quality control samples were 99% – 100% for all assays. Unconditional logistic
regression was used to estimate odds ratios (OR) and two-sided 95% confidence intervals (CI)
of SNPs for COPD risk. Regression models were adjusted for age and sex.

Results
Cases were comparable with the controls in terms of sex but were older than the controls (Table
1). The effect of smoking was weak and non-significant, consistent with previous reports on
tobacco use and COPD in this region (He and Yang, 1994). We observed comparable exposures
to smoky coal in cases and in controls (OR: 1.02; 95% CI: 0.89 – 1.18), as expected given that
the controls were enrolled through matching to lung cancer cases on village and type of fuel
used in a parallel study.

The genotype frequencies among the controls were consistent with Hardy-Weinberg
proportions for all SNPs, except for LTA Ex1 +49 C>A (p = 0.02). The CSF2 117Ile allele
carriers were found to have a 2.4-fold increased risk of COPD compared to the wild type carriers
(Thr/Thr) (OR: 2.44; 95% CI: 1.10 – 5.41; p = 0.029) (Table 1). The IL8 -351A allele was
more common in cases than in controls (48% vs. 35%), and the AA genotype was associated
with an increased risk of COPD (OR: 2.71; 95% CI: 1.04 – 7.04; p = 0.041). There was a
significant linear trend for both SNPs, and adjustment for additional factors (i. e., tobacco
smoking, smoky coal use, and other SNPs in metabolic and DNA repair genes) did not
substantially alter the results. The other SNP in IL8 (IVS1 -204 C>T) was in strong linkage
disequilibrium with the IL8 -351 T>A polymorphism (D′ = 1, r2 = 0.94), but was not
significantly associated with COPD even though they acted in the same direction. Since the
IL8 polymorphisms were so strongly correlated, haplotype analysis did not provide any
additional information. A SNP in the IL8 receptor alpha (IL8RA Ex2 +860 G>C) was borderline
associated with COPD based on only 3 variant-carrying cases. Additionally, carrying at least
one variant at CSF2 Thr117Ile and IL8 -351 T>A was associated with a five-fold risk of COPD
(OR: 5.14; 95% CI: 1.32 - 29.86) (Table 1). None of the SNPs in the other genes were associated
with COPD risk in this population (data not shown).

Discussion
The similar distribution of smoky coal exposure between COPD cases and controls indicates
that there was a high exposure pattern in the study population. It means that COPD cases were
exposed to a high level of IAP, and that IAP should be a strong risk factor if it was to be
compared to the exposure pattern in the general population. The similar distributions of tobacco
smoking in two comparison groups implies that smoking is not the driving risk factor for COPD
as documented in the cross-sectional study (He and Yang, 1994) and the cohort study (Chapman
et al., 2005a) in Xuan Wei, which is analogous to the case of lung cancer (He and Yang,
1994), even though the sample size is small.

CSF2 is a mediator involved in the recruitment and activation of leucocytes including
eosinophils and neutrophils, the latter of which is critical for COPD. Increased levels of CSF2
have been found in the epithelium and bronchoalveolar lavage fluid from subjects with chronic
bronchitis and asthma (Balbi et al., 1997). Inhibition of the cytokine results in a reduced influx
of neutrophils and increased susceptibility to respiratory infections (Shibata et al., 2001). The
polymorphism at codon 117 of CSF2 encodes a nonconservative amino acid change, a
hydrophilic (Thr) to a hydrophobic (Ile) amino acid, in a conserved and functionally important
region. In contrast to Asian populations, the Thr allele is uncommon in Caucasians and was
found to be a risk factor for atopic asthma in a Swiss population (Rohrbach et al., 1999b).
However, in our population the CSF2 117Ile allele was significantly associated with an
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increased risk of COPD, suggesting that it plays a different role in COPD and in atopic asthma.
It is also possible that if the observed association is due to linkage disequilibrium with an
unknown variant, the associations with risk may differ between ethnic populations due to
different linkage disequilibrium patterns.

IL8 is a potent neutrophil chemoattractant that is involved in both inflammatory and non-
inflammatory processes. The -351 substitution is located in the IL8 promoter region, which
contains several binding sites for transcription factors and harbors an interferon-stimulated
response element (Yamaoka et al., 2004). In an in vitro assay, the IL8 –351A variant showed
greater expression than the T allele with the highest values being observed for the AA genotype
(Hull et al., 2000a). The -351A variant was reported to be associated with an increased risk of
respiratory syncytial virus (RSV) bronchiolitis (Hull et al., 2000c). Although one study
reported that the -351A variant was associated with a reduced risk of asthma (Heinzmann et
al., 2004a), this finding was not replicated in a larger Korean study (Park et al., 2004). We
observed an increased risk of COPD with the AA genotype, which is consistent with the
functional data for the polymorphism and the association observed for RSV bronchiolitis. The
association with IL8 –351A may be due to its linkage to another functional variant based on a
haplotype analysis (Hull et al., 2001). The tight linkage pattern through the 5′ region in our
population supports the hypothesis and extensive haplotype analysis of IL8 is warranted to
extend the finding.

It was reported that IL8 and CSF2 have synergistic effects in attracting neutrophils in the female
reproductive tract (Shen et al., 2004). Thus, we speculated that the CSF2 117Ile and IL8 -351A
variants may have a synergistic effect on COPD risk through the assembling of more pro-
inflammatory cells and the worsening of the ill-regulated inflammation process. Although our
p-value for interaction was not significant, we found that individuals carrying at least one at-
risk allele in both genes had a significantly higher risk of COPD than individuals carrying no
at-risk alleles.

Our study is limited by relatively small sample size, and the possibility of false positive findings
cannot be excluded. Nonetheless, our study, like others, suggests that genetic variation in
CSF2 and IL8 is important in the pathogenesis of COPD. With the specific exposure pattern
in our population, the polymorphisms in CSF2 and IL8 may be important for the development
of COPD among populations with high exposure to IAP. These results should be replicated in
larger studies, both in subjects with high air pollution exposure and in the general population.
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