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There is no doubt that the main risk factor for
chronic obstructive pulmonary disease (COPD) is
cigarette smoking. However, it is estimated that
only 10–20% of chronic heavy smokers will de-
velop symptomatic COPD [1]. There is clearly a
relationship between smoking history and decline
in lung function [2]. However, smoking habits (i.e.
pack years and duration of smoking) have been es-

timated to account for only ~15% of the variation
in FEV1 levels [2]. Hence other factors must con-
tribute to the development of COPD. Environ-
mental risk factors such as childhood viral respira-
tory infections, latent adenoviral infections and air
pollution have been identified. In this review we
discuss the different candidate genes likely to be
involved in the pathogenesis of this disease.

Cigarette smoking is the major risk factor for
chronic obstructive pulmonary disease (COPD).
However, only a minority of cigarette smokers de-
velop symptomatic disease. Family and twin stud-
ies suggest that genetic factors also contribute to

the development of COPD. We present a detailed
literature review of the genes which have been in-
vestigated as potential risk factors for this disease.
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Summary

Introduction

Genetic epidemiology of COPD

COPD is known to aggregate in families [3–5].
Although familial aggregation could be due to en-
vironmental factors, there is considerable evidence
in favour of a genetic basis for COPD. Several in-
vestigators have shown increased prevalence of
COPD in the relatives of cases, compared with the
prevalence of COPD in relatives of controls [4,
6–12]. The increased prevalence could not be ex-
plained by differences in other known risk factors.
In addition, there is a higher correlation of lung
function between parents and children or between
siblings than between spouses [7, 13–15]. Finally,
the prevalence of COPD and similarity in lung
function decrease with increased genetic distance
[4, 16]. However, none of these approaches pro-
vides definitive evidence for the existence of ge-
netic risk factors for COPD. 

Twin studies provide a more robust means of
estimating the genetic contribution to variability
(i.e. heritability) in lung function. Comparisons of
monozygotic (MZ) and dizygotic (DZ) twins can
be used to assess the relative importance of genetic

and environmental effects, since MZ twins share
100% of genes while DZ twins share only 50%. In
these studies, the correlation of pulmonary func-
tion in MZ twins is compared with that in DZ
twins [16–23], and heritability, which is the pro-
portion of phenotypic variance due to genes, can
be used to quantify the degree of genetic contri-
bution. Estimates of heritability for FEV1 range
from 0.5–0.8.

The pattern of inheritance of pulmonary func-
tion can also be followed in families and inferences
can be drawn concerning its genetic component.
This approach is known as segregation analysis and
the results of such studies have confirmed a signif-
icant genetic component in pulmonary function
[24–27]. The results of most of these studies have
indicated that the genetic component is composed
of several genes, each with a small effect, rather
than a single major gene.

The genes that contribute to the development
of COPD may do so via several different mecha-
nisms. The twin studies and segregation analyses



cited above used lung function as their phenotype
and often studied non-smokers. The familial fac-
tors identified by these studies may therefore con-
tribute to the level of lung function irrespective of
susceptibility to the detrimental effects of cigarette
smoke. A phenotype that may be more clinically
relevant is the rate of decline in lung function in
response to cigarette smoke. For example, Silver-
man et al. [28] showed no significant decrease in
lung function in the non-smoking relatives of
early-onset COPD patients. This suggests that the

genetic risk factors present in these families only
predispose to COPD in individuals who smoke.
Another phenotype that may be relevant to COPD
is the age at which lung function begins to decline.
The decline in lung function may start earlier in
COPD even if the rate of decline is normal. It is
also possible that some genes lead to the develop-
ment of airflow obstruction by loss of elastic recoil
resulting in emphysema, whereas others con-
tribute to chronic airway inflammation resulting in
airway narrowing.
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Candidate genes for COPD

COPD is characterised by a slowly progressive
irreversible airflow obstruction which is due to
peripheral airway inflammation and loss of lung
elastic recoil resulting from parenchymal destruc-
tion. Many inflammatory cells, mediators and en-
zymes are involved, but their relative importance
is still poorly understood. There is likely to be a
complex interplay between genetic and environ-
mental factors and many different genes will be
involved. The genes which have been implicated
in the pathogenesis of COPD are involved in
antiproteolysis, metabolism of toxic substances in
cigarette smoke, airway hyperresponsiveness and
the inflammatory response to cigarette smoke.
The genes involved or potentially involved in 
the pathogenesis of COPD are summarised in 
figure 1.

Proteases – antiproteases
Severe alpha-1-antitrypsin deficiency

Alpha-1-antitrypsin (ΑAT) is an acute phase
protein synthesised predominantly in the liver, but
also by alveolar macrophages, and provides the

major defence against neutrophil elastase. In 1963,
Laurell and Eriksson demonstrated that individu-
als who had extremely low levels of ΑAT had an
increased prevalence of emphysema [29]. Subse-
quently, it was shown that ΑAT deficiency fol-
lowed a simple Mendelian pattern of inheritance
and was usually associated with the Z isoform of
ΑAT [30–32]. The two common deficiency vari-
ants of ΑAT, S and Z, result from point mutations
in the ΑAT gene [33–35] and are named on the
basis of their slower electrophoretic mobility on
isoelectric focusing analysis compared with the
normal M allele [36]. Homozygosity of the Z vari-
ant (Glu342Lys) results in a severe deficiency char-
acterised by plasma ΑAT levels of ~10% of the nor-
mal M allele. Individuals with the ZZ phenotype
have a clearly accelerated rate of decline in lung
function [37, 38], sometimes even in the absence
of smoking [39, 40]. However, the homozygous
state is rare in the population [41, 42] and thus can
explain only a small percentage of genetic suscep-
tibility to cigarette smoke.

Despite the strong association of the ZZ geno-

Figure 1

Summary of path-
ways and possible
candidate genes 
involved in the
pathogenesis 
of COPD. 
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Candidate gene candidate effect of risk allele prevalence of risk allele association studies
risk allele

ΑAT Z (Lys342) α1-AT deficiency 0.006–0.024 in Caucasians, ZZ individuals have a marked increased 
(15% of normal) rare in other populations in risk for COPD. MZ individuals have

a modest increase in risk

S (Val264) α1-AT deficiency 0.003–0.115 in Caucasians, generally believed not to increase risk 
(60% of normal) rare in other populations for COPD

3’ (1237A) Attenuated up-regulation 0.053–0.112 in Caucasians, conflicting data regarding risk 
of gene expression in vitro 0.241 in blacks for developing COPD

ΑACT Ala227 α1-ACT deficiency 0.004–0.020 in Caucasians associated with COPD in 
(51% of normal) some populations

Thr–15 none known 0.504 in Japanese associated with COPD despite 
lack of α1-antichymotrypsin deficiency 

Α2M Tyr972 predicted to interfere 0.017 in Caucasians identified in one COPD patient. 
with protein function No convincing epidemiological data

concerning this polymorphism

MMP1 -1607GG creates a binding site for the 0.528 in Caucasians, paradoxically associated with lower 
ETS-1 transcription factor   0.623 in Japanese rate of decline of lung function
and was associated with higher 
levels of in vitro gene expression

MMP12 Asn357 none known 0.049 in Caucasians MMP1-1607G in combination with 
MMP12 Asn357 was associated with 
rapid decline of lung function

EPHX His113 in combination with His139 0.285–0.308 in Caucasians, associated with COPD and rate of 
results in decreased activity 0.436–0.513 in Japanese. decline of lung function in Japanese 
(59% of normal) 0.579 in Koreans and white populations

His139 in combination with His113 results 0.798–0.855 in Caucasians, in combination with His113 associated
in decreased activity 0.807–0.856 in Japanese, with COPD and rate of decline of lung
(59% of normal) 0.862 in Koreans function

GSTM1 Null complete loss of protein production Homozygosity for null allele: increased risk of COPD shown
64.5% in Koreans, in white populations
47.1–53.4% in Caucasians

GSTP1 Ile105 reduced catalytic activity 0.820 in Japanese, associated with COPD in the Japanese 
for some xenobiotic substrates 0.645 in Caucasians population

HMOX1 (GT)n modulation of gene transcription At least 22 alleles in Caucasians large repeat size associated with 
promoter rate in vitro and 20 alleles in Japanese emphysema and decreased promoter 
repeat activity

CYP1A1 Val462 increase in catalytic activity 0.032–0.069 in Caucasians associated with COPD but only in 
(2-fold above normal) patients who also had lung cancer

VDBP 1F possible influence on rate of 0.144–0.155 in Caucasians, associated with increased risk of 
conversion to a pmacrophage 0.685 in blacks, 0.482 in Japanese COPD in Caucasians and Japanese
activating factor

2 possible influence on rate 0.087–0.321 in Caucasians, associated with decreased risk 
of conversion to a macrophage 0.143 in blacks, 0.220 in Hispanics, of COPD in Caucasians
activating factor 0.231 in Chinese, 0.244 in Japanese

TNF –308A increased TNF in vitro and 0.172–0.183 in Caucasians, associated with COPD in one Japanese
in vivo in some studies 0.008–0.078 in Japanese study but to date this has not been 

replicated in Japanese or white subjects

IL1 –511T increased levels of IL1 0.330 in Caucasians, in combination with IL1RN allele 2 
and IL1RN 0.508 in Japanese associated with attenuated rate 

of decline of lung function

IL1RN 2 increased levels of IL1 0.272 in Caucasians in combination with IL1 -511T 
and IL1RN associated with attenuated rate 

of decline of lung function

CFTR IVS8-5T reduced CFTR expression 0.078 in Caucasians conflicting data regarding the role 
of this polymorphism in COPD

Met470 none known 0.325–0.447 in Caucasians association with COPD in one study

ADRB2 Gln27 decreased resistance  0.526–0.652 in Caucasians, association between heterozygosity 
to receptor down-regulation 0.683 in Turks, 0.928 in Chinese of this polymorphism and rapid decline

of lung function 

Table 1 

Summary of candidate genes and polymorphisms implicated in the pathogenesis of COPD. ΑAT: α1-antitrypsin, ΑACT: α1-antichymotrypsin, 
Α2M: α2-macroglobulin, MMP: matrix metalloproteinase, EPHX1: microsomal epoxide hydrolase, GST: glutathione S-transferase, HMOX1: heme oxy-
genase-1, CYP1A1: Cytochrome P4501A1, VDBP: vitamin D binding protein, TNF: tumour necrosis factor-α, IL1: interleukin-1, IL1RN: interleukin-1
receptor antagonist, CFTR: cystic fibrosis transmembrane conductance regulator, ADRB2: β2-adrenergic receptor



type with early-onset COPD, the clinical course of
the disease is highly variable [43]. Although ciga-
rette smoking plays an important role in deter-
mining this variability [44], the rate of decline of
lung function in ZZ subjects who are lifelong 
non-smokers is also highly variable [39]. In studies
that compare index (individuals identified by pul-
monary impairment) and non-index cases (indi-
viduals identified by family studies), many non-
index ZZ subjects show normal lung function [45]
and a survival similar to the normal population [43]
if they are non-smokers. The effect of the ZZ
genotype in increasing the risk of lung function
impairment is likely to be overestimated due to se-
lection bias. It is possible that other genetic factors
influence the clinical course in ZZ homozygotes.
It has recently been suggested that polymorphisms
in the endothelial nitric oxide synthase (NOS3)
gene contribute to the development of COPD in
ZZ individuals [46]. 

Intermediate alpha-1-antitrypsin deficiency
Numerous studies have sought to establish an

association between COPD and intermediate
ΑAT deficiency. The most common causes of in-
termediate deficiency are the MS and MZ geno-
types, present in Caucasian populations in a pro-
portion of ~10% and 3% respectively. MM indi-
viduals have normal ΑAT levels, whereas MS and
MZ heterozygotes have reductions in ΑAT levels
to ~80% and 60% of normal respectively. SZ com-
pound heterozygotes are rare but have levels even
lower at ~40% of normal. SZ heterozygotes may
be at increased risk for COPD if they are smokers
[47], although in a recent study from Spain no as-
sociation between SZ phenotype and COPD was
found [48]. 

The results of many case-control studies have
shown an increased prevalence of MZ hetero-
zygotes in COPD patients vs. controls [9, 49–57].
The odds ratio (OR) for MZ in these studies typ-
ically ranges from 1.5–5.0. However, in many stud-
ies the controls were not selected from the same
population as the cases and the results were not ad-
justed for confounding variables such as smoking
history and age. Investigators have also assessed
the risk of the MZ genotype by studying lung func-
tion in the general population [58–65]. In these
studies a population sample is phenotyped for 
ΑAT variants, and the prevalence of COPD in
those with the MZ phenotype is compared with the
prevalence in those with the MM phenotype.
Many of these studies were based on small num-
bers of individuals and were inadequate to detect
an effect of the MZ or MS phenotype. In a recent
large cohort study from Denmark there was in-
creased risk of obstructive pulmonary disease, as
determined by hospital discharge diagnosis of
either asthma, chronic bronchitis or emphysema,
in MZ heterozygotes (RR = 2.2) [66]. However,
only first-degree relatives of ZZ COPD patients
had a significantly increased risk, suggesting that
other genetic or environmental factors were con-

tributing to the increased risk in these patients.
Overall, the evidence suggests that the contribu-
tion of MZ heterozygosity to the development of
COPD is minor.

Polymorphisms of α1-antitrypsin not associated 
with deficiency

There are several polymorphisms of the ΑAT
gene that are not associated with ΑAT deficiency.
For example, a polymorphism in the 3’ region of
the ΑAT gene has been associated with COPD in
some populations [67, 68] but not others [57, 69,
70]. In vitro, this polymorphism has been asso-
ciated with decreased binding of a transcription
factor and decreased gene expression [71]. The
most likely transcription factor is nuclear factor of
IL-6 (NF-IL6 or C/EBP), which is activated by
IL-6 and is known to increase expression of ΑΑΤ
[72]. Thus, the 3’ mutation could affect the acute
phase response, resulting in reduced up-regulation
of ΑAT synthesis when inflammation is present.
However, in contrast to the in vitro data, the 3’
polymorphism was not associated with a reduced
ΑAT acute phase response in patients undergoing
open heart surgery [73] or in patients who had cys-
tic fibrosis [74]. Thus the role of the 3’ polymor-
phism in the pathogenesis of COPD remains un-
clear.

Another polymorphism in the 3’ region of the
ΑΑΤ gene has been associated with COPD [75].
The polymorphism was also associated with nor-
mal ΑΑΤ levels and was found in 8 out of 70 COPD
patients but in none of 52 controls. 

Other antiprotease genes
The association of emphysema with genetic

defects in ΑΑΤ prompted a search for genetic ab-
normalities of other proteases and antiproteases
that may be involved in lung destruction. Alpha-1-
antichymotrypsin (ΑACT) is another protease in-
hibitor which is secreted by the liver and alveolar
macrophages. Several polymorphisms have been
associated with COPD [76, 77], whereas other in-
vestigators have found no association [70, 78].

Alpha-2-macroglobulin (A2M) is a broad-
spectrum protease inhibitor which is also synthe-
sised in hepatocytes and in alveolar macrophages.
Several polymorphisms of the A2M gene have
been described [79].

Overall, these polymorphisms are rare and the
evidence that they contribute to susceptibility to
COPD is weak.

Matrix metalloproteinases (MMPs)
Matrix metalloproteinases (MMPs) comprise

a structurally and functionally related family of at
least 20 proteolytic enzymes which play an essen-
tial role in tissue remodelling and repair associated
with development and inflammation [80]. MMP
genes have been mapped to chromosomes 11, 14,
16, 20 and 22, several of them being clustered
within the long arm of chromosome 11 [81]. Over-
expression of metalloproteinases has been associ-
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ated with several pathological conditions, includ-
ing irreversible degradation of tissues in arthritis
[82, 83] and degradation of collagens in tumour in-
vasion and metastasis, leading to poorer prognosis
in patients with higher expression of MMP’s [84,
85]. Several studies in animals and humans have
provided evidence that MMP-1 (interstitial colla-
genase), MMP-12 (human macrophage elastase)
and MMP-9 (gelatinase B) are important in airway
inflammation and the development of emphysema.
In 1992, D’Armiento et al. demonstrated that
transgenic mice overexpressing human MMP-1 in
the lungs developed morphological changes strik-
ingly similar to human pulmonary emphysema
[86]. Compared to wild type mice, MMP-12
knockout mice did not develop emphysema fol-
lowing exposure to cigarette smoke [87], suggest-
ing 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 compared to smokers without COPD
and non-smokers [88]. Several promoter poly-
morphisms in MMP genes are known to alter gene
expression [89–92]. A recent study found that hap-
lotypes consisting of alleles from the MMP1 G-
1607 GG and MMP12 Asn357Ser polymorphisms
were associated with rate of decline of lung func-
tion (p = 0.0007). The data suggest that poly-
morphisms in the MMP1 and MMP12, but not
MMP9, genes are either causative factors in smok-
ing-related lung injury or are in linkage disequi-
librium with causative polymorphisms [93]. 

Xenobiotic metabolising enzymes 
Both the proteolytic process in the lung

parenchyma and fibrotic narrowing of the small
airways are in response to toxic substances con-
tained within cigarette smoke. Genetic variation 
in the metabolism and detoxification of noxious
substances such as hydrocarbons, epoxides and
oxidants could be important determinants of host
response. 

Microsomal epoxide hydrolase
Microsomal epoxide hydrolase (EPHX) is an

enzyme which plays an important role in the lung’s
ability to metabolise highly reactive epoxide inter-
mediates which may be formed in cigarette smoke
and lead to lung injury. EPHX is expressed in a va-
riety of different cell types, including hepatocytes
and bronchial epithelial cells. Two common poly-
morphisms occur in the EPHX gene: in exon 3 (re-
sulting in the Tyr113→His amino acid substitu-
tion) and exon 4 (resulting in the His139→Arg
amino acid substitution). The polymorphisms cor-
related with the level of EPHX enzymatic activity
in transfected cell lines [94] but not in liver tissue
samples [95]. The slow metabolizing form of
EPHX was found in a higher proportion of pa-
tients with emphysema (22%) and COPD (19%)
than in control subjects (6%), giving an odds ratio
of ∼5 [96]. In a smaller Japanese study, the slow-
metabolising form of EPHX was associated with

more severe COPD [97]. These results were not
confirmed in a Korean population [98]. A recent
study found EPHX genotypes to be associated
with rate of decline of lung function in smokers
[57].

Glutathione S-transferases
Glutathione S-transferases (GSTs) are mem-

bers of a family of enzymes which play an impor-
tant role in detoxifying various aromatic hydro-
carbons found in cigarette smoke. GSTs conjugate
electrophilic substrates with glutathione and this
facilitates further metabolism and excretion.
GSTM1 is expressed in the liver and the lung.
Homozygous deletion of the GSTM1 gene occurs
in approximately 50% of Caucasians. Homozy-
gous deficiency for GSTM1 was associated with
emphysema in patients who had lung cancer (OR
= 2.1) [99] and severe chronic bronchitis in heavy
smokers (OR = 2.8) [100]. However, in a Korean
study there was no association between GSTM1
and GSTT1 polymorphisms and COPD [98].

GSTP1 is expressed in the same cell types as
GSTM1, although at a higher level [101]. There
is a polymorphism at position 105 (Ile105→Val),
resulting in increased catalytic activity of the
enzyme in vitro [102]. Homozygotes for the
isoleucine allele were significantly increased in
Japanese patients with COPD compared with con-
trols (OR = 3.5) [103].

Cytochrome P4501A1
Cytochrome P4501A1 (CYP1A1) also meta-

bolises xenobiotic compounds to enable them to
be excreted. CYP1A1 is found throughout the lung
and may play a role in the activation of procar-
cinogens. A mutation in exon 7 of CYP1A1 causes
an amino acid substitution (Ile462→Val) which re-
sults in increased CYP1A1 activity in vivo [104].
The high-activity allele (Val462) was associated with
susceptibility to centriacinar emphysema in pa-
tients who had lung cancer (OR = 2.5) [105]. 

Antioxidants
Heme oxygenase-1

Heme oxygenase degrades heme to biliverdin
and has been shown to provide cellular protection
against heme and non-heme-mediated oxidant
injury [106, 107]. A microsatellite polymorphism
within the gene promoter has been associated with
pulmonary emphysema in Japanese smokers [108].
The authors furnish evidence that a larger size of
the dinucleotide repeat reduces the inducibility of
the enzyme, thus providing less antioxidant pro-
tection against cigarette smoke. These results have
not yet been reproduced in subjects of different
ethnic origins.

Inflammatory mediators
Vitamin D-binding protein 

Vitamin D-binding protein (VDBP) is a 
55 kDa protein secreted by the liver which is able
to bind vitamin D, extracellular actin and endo-
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toxin. VDBP enhances the chemotactic activity of
C5a and C5a des-Arg for neutrophils by one to two
orders of magnitude [109]. In addition, VDBP 
is known to undergo conversion to a potent
macrophage-activating factor [110]. Thus, besides
its vitamin D-binding function, VDBP could have
important influences on the intensity of the in-
flammatory reaction.

There are three major isoforms of this protein,
named 1S, 1F and 2, due to two common substi-
tutions in exon 11 of the gene. Individuals who had
one or two copies of allele 2 were shown to be pro-
tected against COPD [111, 112]. In addition,
Horne et al were able to show a significantly in-
creased risk of developing COPD for 1F homo-
zygous individuals [111]. Ishii et al. confirmed this
result in a Japanese population [113]. In a recent
study no association was found between this geno-
type and accelerated decline of lung function [57].
Schellenberg et al. investigated whether the asso-
ciations of VDBP isoforms with COPD could be
due to the effect of VDBP on neutrophil chemo-
taxis [112]. However, there were no significant dif-
ferences between the three VDBP isoforms in
their ability to enhance chemotaxis of neutrophils
to C5a. Another possible mechanism for the asso-
ciation with COPD is activation of macrophages
at the sites of inflammation. To date, no investiga-
tors have considered the influence of these genetic
variants on the protein’s ability to act as a
macrophage-activating factor.

Tumour necrosis factor α
Tumor necrosis factor α (TNFα) and TNFβ

(lymphotoxin) are pro-inflammatory cytokines
having many effects which may be important in the
pathogenesis of COPD, e.g. neutrophil release
from the bone marrow and neutrophil activation.
The TNFα and TNFβ genes contain several poly-
morphisms, including a G→A transition in the
TNFα gene promoter (TNFα G-308A) and an
A→G transition in the first intron of the TNFβ
gene (TNFβ A252G). These polymorphisms have
been shown to be associated with the level of
TNFα and TNFβ production in vitro [114]. In ad-
dition, the TNFα -308A allele has been associated
with several diseases, including cerebral malaria
[115] and asthma [116, 117]. An association be-
tween the TNFα -308A allele and COPD was re-
cently found in a Taiwanese population [118]. The
patients were selected on the basis of presence of
chronic bronchitis and impaired lung function
(FEV1 <80% predicted and FEV1/FVC<69%).
The prevalence of the TNFα -308A allele was
greatly increased in the patients vs. controls, yield-
ing an odds ratio of 11.1 for chronic bronchitis.
These results were confirmed in a Japanese popu-
lation [119], whereas three other studies in Japan-
ese and Caucasians found no association [57, 120,
121].

IL-1 complex
The IL-1 family consists of two pro-inflam-

matory cytokines, IL-1α and IL-1β, and a natu-
rally occurring anti-inflammatory agent, the IL-1
receptor antagonist (IL1RN). The two forms of
IL-1 are the products of different genes, but they
are structurally related and bind to the same
receptor. They are synthesised by a variety of 
cell types, including monocytes and macrophages.
IL1RN is a 16-18 kD protein that binds to the 
IL-1 receptor with the same affinity as IL-1, but it
does not possess agonist activity and therefore acts
as a competitive inhibitor of IL-1 [122]. The genes
of the IL-1 complex map to the long arm of chro-
mosome 2 [123] and each of the genes is polymor-
phic. The IL-1 beta gene (IL1B) has a single
nucleotide polymorphism in the promoter region
(C-511T) [124] and the IL1RN gene has a penta-
allelic polymorphic site in intron 2, containing 2–6
tandem repeats of an 86bp sequence [125]. There
is evidence that allele 2 of the IL1RN gene  is as-
sociated with increased susceptibility or a more
severe outcome in chronic inflammatory diseases
such as ulcerative colitis, systemic lupus erythe-
matosus and alopecia areata [126–130]. The IL1B
C-511T has been associated with inflammatory
bowel disease [131] as well as plasma levels of IL1B
and IL1RN [132].

A recent study found that IL-1 genotypes were
not associated with rate of decline of lung function
in smokers; however, the authors were able to
demonstrate a significant influence of IL1RN /
IL1B haplotypes in these individuals [133]. A
smaller study in a Japanese population found no
association of IL1B and IL1RN polymorphisms
with COPD [134].

Mucociliary clearance
Cystic fibrosis transmembrane regulator

The cystic fibrosis transmembrane conduc-
tance regulator (CFTR) forms a chloride channel
at the apical surface of airway epithelial cells and is
involved in the control of airway secretions. In
1989, mutations in the CFTR gene were identified
as the cause of cystic fibrosis (CF). CF carriers may
also be predisposed to respiratory disease. CF het-
erozygotes had increased bronchial reactivity to
methacholine [135] and increased incidence of
wheeze accompanied by decreased FEV1 and
FEF25-75 [136].

The most frequent CF-causing variant is
∆F508, and heterozygosity for this mutation was
increased in patients with disseminated bronchiec-
tasis [137, 138] and in patients with ‘bronchial hy-
persecretion’ [139]. The prevalence of ∆F508 was
not increased in patients with chronic bronchitis
[138]. Other CFTR mutations were increased in
patients with disseminated bronchiectasis and nor-
mal sweat chloride levels [140, 141]. One of these
mutations is a variable length thymine repeat in
intron 8 of the CFTR gene (IVS8). The IVS8-5T
allele results in reduced CFTR gene expression.
Studies of IVS8-5T as a risk factor for COPD have
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yielded conflicting results [140, 141]. Most re-
cently, patients with obstructive lung diseases have
been screened for variants in the whole CFTR
coding region [142]. The study compared 12
COPD patients with 52 controls, both groups
from a Greek population. There was no statisti-
cally significant increase in CF-causing mutations
in the patients versus the controls. The frequency
of the Met allele of the Met470Val polymorphism
was increased in the patients (71%) compared with
the controls (36%). 

In summary, CFTR variants were consistently
associated with disseminated bronchiectasis. This
may be due to the effect of these variants on the
rate of mucociliary clearance. However, it is not
clear whether the patients who have disseminated
bronchiectasis represent a clinically distinct group
or have mild, undiagnosed CF with an unknown
CFTR mutation on their other chromosome
[143]. In addition, all the studies described above
were based on small numbers of subjects and only
three [140–142] compared cases with controls.
The other studies merely compared frequencies in
the cases with published allele frequencies and thus
the results of these studies are far from definitive.

Airway hyperresponsiveness 
Beta-adrenergic receptor

Airway hyperresponsiveness (AHR) is a known
risk factor for the respiratory symptoms of COPD.
Polymorphisms in the β2-adrenergic receptor
(ADRB2) have previously been shown to be asso-
ciated with asthma severity [144, 145], AHR [146,
147], bronchodilator response [148, 149] and level
of lung function [150] (reviewed in [151]). The
Arg16→Gly and Gln27→Glu polymorphisms in
the ADRB2 are known to affect agonist-induced
receptor downregulation in vitro [152, 153] and in
vivo [154]. Joos et al. investigated the association
of the common polymorphisms with rate of
decline of lung function in smokers. There was a
significant negative association between hetero-
zygosity at position 27 and a rapid decline in lung
function (adjusted odds ratio = 0.59, 95% CI =
0.40–0.85, p = 0.005), suggesting a protective
effect of this genotype. The polymorphism at po-
sition 16 did not contribute to the rate of decline
of lung function, measures of airway responsive-
ness or bronchodilator response in smokers [155].
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Conclusion
Although there is clear evidence of a genetic

contribution to the pathogenesis of COPD, few
specific genes have been implicated. The major
difficulty has been the lack of large-scale family
and sib-pair studies using the modern technique of
genome wide screening. Most studies have been
case-control candidate gene studies with their
known limitations. They were confined to known
biologically plausible candidates, were usually too
small in size to be powerful enough to detect genes
of small effect and were potentially flawed by pop-
ulation admixture. 

COPD is a result of a complex interaction be-
tween genetic and environmental factors. How-
ever, studies of the genetics of COPD have rarely
included a specific investigation of this interaction
[156]. The obvious environmental factor for
COPD is cigarette smoking, but others could in-
clude childhood respiratory infections and air pol-
lution. Investigation of gene-environment inter-
actions could lead to important insights into the

pathogenesis of COPD. Inclusion of gene-envi-
ronment interaction terms in a genetic model may
reflect the mode of action of risk factors more
closely and thus add power to genetic association
studies of COPD. 

In the future, more information about the role
of genetic risk factors in the development of
COPD will be provided by large-scale family stud-
ies, genome wide association studies using single
nucleotide polymorphisms and investigation of an
increased number of possible candidate genes
identified by the Human Genome Project.
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