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Chronic obstructive lung disease (COPD) is
an enormous cause of global morbidity and mor-
tality. Cigarette smoking is clearly the main risk
factor for COPD, however, it is estimated that only
10–20% of chronic heavy smokers will develop
symptoms of airway obstruction [1]. This observa-
tion demonstrates that other factors are involved
and there are epidemiological data to suggest that
some of those factors are genetic. The genetic
epidemiology was reviewed by Joos et al. [2]. This
current review focuses on the two main strategies
to identify disease causing genes, linkage analysis
and candidate gene approach.

Strategies to identify disease causing genes
Two major strategies have been used to iden-

tify genes containing mutations or polymorphisms
(common sequence variants) which contribute to
the development of COPD. The first strategy is
linkage analysis which involves searching the en-
tire human genome for disease-causing genes. The
genes are identified solely on the basis of their po-
sition in the genome. The second strategy is the
candidate gene approach in which individual genes
are directly tested for their involvement in a dis-
ease process. The genes selected for this approach
are those which, because of their function, are
plausible candidates for being the disease gene.

Linkage analysis
To perform linkage analysis, phenotypic data

and DNA are collected from affected families of at
least two generations. Each family member is
typed for genetic markers that are scattered
throughout the genome, thereby resulting in a
complete genome screen. Linkage analysis deter-
mines whether any of the markers are inherited
with the disease more often than predicted by
chance. If so, that disease is said to be ‘linked’ to
that marker on a certain chromosome. An advan-
tage of linkage analysis is that completely novel
genes can be identified and implicated in the
pathogenesis of a disease. This is because linkage
of a disease to a genetic marker depends only on
the close proximity of that marker with the disease
causing gene and no data concerning the function
of the gene are required.

Recently, a genome scan exploring genetic

linkage to lung function was performed in the
Framingham Heart cohort, a longitudinal cohort
started in 1948 [3]. This cohort contained numer-
ous extended pedigrees, and provided a unique
population for the analysis of genetics of pul-
monary function [4]. Joost et al performed a
genome scan for FEV1, FVC, and FEV1/FVC.
The strongest evidence of linkage to FEV1 oc-
curred on chromosome 6 (LOD = 2.4), and for
FVC on chromosome 21 (LOD = 2.6) [3]. In a fol-
low-up study, fine-mapping for the linkage on
chromosome 6q and assessment of the association
between lung function and specific markers sup-
ported the idea that chromosome 6q harboured a
gene that was important for lung function [5]. 

Similarly, a genome-wide scan was performed
in the NHLBI family heart study [6]. FEV1 and
FVC were suggestively linked to regions of chro-
mosome 4 and 18.

An additional cohort used for the linkage
analysis of lung function was composed of severe
early-onset COPD patients without severe AAT
deficiency, and control probands matched for age
and gender [7]. Both qualitative phenotypes, in-
cluding airflow obstruction and chronic bronchi-
tis, and quantitative phenotypes, including pul-
monary function and bronchodilator responsive-
ness were evaluated, and several linked genomic
regions were identified [8, 9]. Polymorphisms of
genes within this region have recently been asso-
ciated with COPD in the same cohort [10].

Candidate genes for COPD
A large number of candidate genes has been

implicated in the pathogenesis of COPD [2]. In
this review, we will focus on some of the recent
data.

Microsomal epoxide hydrolase
Microsomal epoxide hydrolase (mEH) is a

plausible candidate for COPD because of its im-
portant role in the lung’s ability to metabolize
highly reactive epoxide intermediates that may be
formed in cigarette smoke. Two common poly-
morphisms occur in the mEH gene, and these
polymorphisms were correlated with the level of
mEH enzymatic activity in transfected cell lines
[11]. The slow metabolizing form of mEH was
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associated with emphysema and COPD [12], and
in a smaller Japanese study, the slow metabolizing
form of mEH was associated with more severe
COPD [13]. A Canadian study found an asso-
ciation of slow metabolizing mEH with an accel-
erated decline of lung function in smokers [14].
These studies demonstrated that polymorphisms
of the mEH gene may be important risk factors in
lung disease associated with oxidative stress, con-
sistent with the effects of cigarette smoke compo-
nents.

Matrix metalloproteinases (MMPs)
Matrix metalloproteinases (MMP’s) are a fam-

ily of at least 20 proteolytic enzymes that play an
essential role in tissue remodeling and repair asso-
ciated with development and inflammation [15].
Overexpression of metalloproteinases has been
associated with several pathological conditions,
including the irreversible degradation of tissues in
arthritis [16] and the degradation of collagens in
tumour invasion and metastasis leading to poorer
prognosis in patients with higher expression of
MMP’s [17]. Several studies in animals and humans
have provided evidence that MMP-1 (interstitial
collagenase), MMP-12 (human macrophage elas-
tase) and MMP-9 (gelatinase B) are important in
airway inflammation and the development of em-
physema. Transgenic mice overexpressing human
MMP-1 in their lungs were shown to develop
morphologic changes strikingly similar to human
pulmonary emphysema [18]. On the other hand,
MMP-12 knockout mice did not develop emphy-
sema following exposure to cigarette smoke com-
pared to wild type mice [19], suggesting that the
presence of MMP-12 is critical in smoke induced
lung injury. Smokers with airway obstruction show
increased expression of MMP-1 and MMP-9 com-
pared to smokers without COPD and non-smok-
ers [20]. There are several promoter polymor-
phisms in MMP genes known to alter gene ex-
pression [21–24]. A promoter polymorphism in
the MMP1 gene (G-1607GG) was associated with
rate of decline of lung function in smokers [25]. In
the same study, polymorphisms of MMP9 and
MMP12 were not individually associated with rate
of decline of lung function. However, combination
of alleles (i.e. haplotypes) from the MMP1 G-
1607GG and MMP12 Asn357Ser polymorphisms
revealed an association with rate of decline of lung
function (p = 0.0007) [25]. In contrast to this study,
Minematsu et al. found an association between a

MMP9 promoter polymorphism (C-1562T) and
the development of emphysema in Japanese smok-
ers [26].

Beta2 receptor polymorphisms
Polymorphisms in the beta2-adrenergic re-

ceptor (ADRB2) have previously been shown to be
associated with several asthma phenotypes [27].
Wang et al. showed that the ADRB2 Arg16 allele
was a risk factor for asthma and there was a signif-
icant interaction with cigarette smoking [28]. The
Arg16→Gly and Gln27→Glu polymorphisms in
the ADRB2 are known to affect agonist-induced
receptor downregulation in vitro [29] and in vivo
[30]. In a Chinese population, Ho et al. found that
the Arg16 polymorphism was less prevalent in
COPD patients than in healthy persons. Addi-
tionally, a significant correlation between the
Gln27 polymorphism and a low FEV1 percentage
predicted was found [31]. In contrast, a recent
study demonstrated the Arg→Gly polymorphism
at position 16 was not associated with the rate of
decline of lung function, bronchial hyperrespon-
siveness or bronchodilator response in smokers.
However, there was a novel association between
heterozygosity at position 27 and decline of lung
function, suggesting that this genotype may be
protective against an accelerated rate of decline in
lung function [32]. 

Conclusion
Although there is clear evidence of a genetic

contribution to COPD, there is still limited evi-
dence about specific genes implicated in its patho-
genesis. Inconsistent results in candidate gene and
linkage analysis studies due to different COPD
phenotypes and different ethnic backgrounds add
to the challenge of data interpretation in genetic
studies. 

Emerging data from linkage studies provide
new insights in regions of possible candidate genes.
This will increase the efficiency of candidate gene
association studies and add to the understanding 
of the pathogenesis of COPD.
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