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Genetic polymorphisms in chronic obstructive pulmonary disease
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Summary. Etiology of chronic obstructive pulmonary disease remains unknown but, despite
some inconsistencies in reports on inflammatory cells, mediators and proteases involved in the
pathogenesis of chronic obstructive pulmonary disease, genetic risk factors were proposed as a
cause of susceptibility to the disease. Results of many studies suggested polygenic inheritance,
with the genetic component consisting of several genes of a small effect each, rather than of
single major gene. We are going to review the clinical importance of alpha-1 antitrypsin,
glutathione S-transferase, microsomal epoxide hydrolase, matrix metalloproteinase, tumor
necrosis factor-α, alpha-1 antichymotrypsin, alpha 2-macroglobulin, cytochrome P4501A1, heme
oxygenase-1 genes polymorphisms associated with susceptibility and progression of the chronic
obstructive pulmonary disease.

 Introduction
Chronic obstructive pulmonary disease (COPD)

is characterized by a progressive and irreversible
airflow reduction in the lung airway. Tobacco smoke
is the main environmental factor of the disease. Etio-
logy of COPD remains unknown but genetic risk fac-
tors were proposed as a cause of susceptibility to the
disease. Published twin studies demonstrate that phy-
siological patterns of pulmonary function are inherited
(1, 2). Moreover, familial aggregation studies suppor-
ted a genetic component of COPD (3, 4). Results of
segregation analysis (5, 6) suggested polygenic
inheritance of the disease, with the genetic component
consisting of several genes of a small effect each,
rather than of single major gene.

Despite some inconsistencies in reports on inflam-
matory cells, mediators and proteases involved in the
pathogenesis of COPD, many genetic studies were
conducted in search for associations between genetic
polymorphisms and susceptibility to COPD (7, 8).
Genetic polymorphisms are relatively common (more
than 1% chromosomes) differences in DNA sequence
and result in population variability of genes variants
referred as alleles (8). Some of these polymorphisms
result in structural protein changes, altered gene ex-
pression or modifications of mRNA stability. Genetic
polymorphisms affect the lung function, as was
demonstrated for genes coding antiprotease-protease
systems or xenobiotic metabolism enzymes. A review
of clinical importance of several polymorphisms asso-
ciated with susceptibility and progression of the COPD
is presented.

Alpha-1 antitrypsin (AAT) is the main inhibitor of
serum proteases. Congenital deficiency of AAT is as-

sociated with development of early emphysema and
liver disease. The protein belongs to serpin family, a
group of proteins inhibiting serine proteases activity
(9). AAT gene is located within the serpin cluster, on
the chromosome 14q23.1-3, in the proximity among
others antiproteases genes: α1- antichymotrypsin, cor-
ticosteroid-binding globulin and protein C inhibitor
(10). The gene spans over 12kb and it is composed of
7 exons (11). The structure of AAT was thoroughly
studied. It is a 52 kDa glycoprotein, build of 394 amino
acids in the single polypeptide chain. The protein is
inducible, like other acute phase proteins produced
by liver. Normal levels of serum AAT are 150–350
mg/dL (11). Neutrophil elastase is the main target of
AAT; elastase is attracted and bound by the serpin
domain, subsequently, inhibited and degraded (12).

Over 90 different phenotypes of AAT have been
described using protein electrophoresis (13). Among
AAT variants M1, M2, M3, M4 are wild types found
in 90% of the population (14). Two common mutations
named S and Z reach the frequency of polymorphic
alleles (10). It was demonstrated that different geno-
types: ZZ, SZ, MZ, SS, MS cause average serum AAT
concentration reduced to 16%, 51%, 83%, 93% and
97% of the wild-type MM genotype (15). ZZ homo-
zygous have the most severe AAT deficiency. The
frequency of ZZ genotype in population varies in range
of 0.3 to 4.5%, depending on the study (16). Never-
theless, this genotype accounts only for 1–2% COPD
cases. In Europe, frequency of Z allele declines from
5% in the North to 1–2% in the Southern Europe (16).
The Z allele has single nucleotide substitution of
guanine to adenine in the exon 5, changing glutamate
acid (Glu342) to lysine (Lys342) in the polypeptide
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(17). Altered protein is resistant to enzymatic degrada-
tion and can aggregate. It accumulates in the endo-
plasmic reticulum of hepatocytes causing liver disease
and low serum AAT concentration (18). ZZ genotype
is associated with severe COPD and early death, espe-
cially in smokers (19). Heterozygous for Z allele iden-
tified by population studies presents, however, rela-
tively mild form of lung disease (20). The association
of the intermediate AAT deficiency, related to MZ
genotype, with COPD is disputed. Study on MZ he-
terozygous in Denmark demonstrated a mild decrease
in FEV1. This genotype was observed with moderately
higher frequency in individuals with airway obstruc-
tion and COPD (21). It was suggested that MZ hete-
rozygosity, together with some other predisposing fac-
tors, might contribute to the pathogenesis of COPD.

AAT allele S has adenine to thymine substitution
within the exon 3 and results in glutamic acid 264 to
valine exchange (22). Frequency of the S allele varies
from 10% in the Southern Europe to 5% in the North,
this gradient has opposite direction to allele Z frequen-
cy (16). SS and SM genotypes seem not to contribute
in development of COPD (23). Compound heterozy-
gous SZ genotype was associated with less severe
airway obstruction than ZZ genotype (20, 24). In the
recent Denmark study, SZ phenotype led to reduced
pulmonary function and a fivefold increase of risk of
airway obstruction, especially in smokers (20).

Glutathione S-transferases (GST) are a large family
of enzymes participating in detoxification of endoge-
nous and environmental xenobiotics (25). This group
of enzymes catalyzes conjugation of the various elect-
rophilic compounds, like polycyclic aromatic hydro-
carbon epoxides, with reduced glutathione consisting
in the second phase detoxification reaction (25, 26).
These proteins function as dimeric enzymes, but recent
data suggest GSTP monomer may have inhibitory
impact on C-jun N-terminal kinase (27).

GST activity can be either cytosolic or cell memb-
rane bound. Sixteen glutathione S-transferases genes
(GST) have already been described, coding cytosolic
GST. Six other genes code for cell membrane GSTs
(26). GST cytosolic enzymes are divided in 8 classes:
alpha (GSTA), mu (GSTM), theta (GSTT), pi (GSTP),
zeta, sigma, kappa and chi (25). The classes are highly
polymorphic. The different class enzymes preferen-
tially conjugate different substrates: GSTM metabo-
lizes catecholamines derivatives, GSTT1 utilizes
oxidized lipids and DNA, GSTP1 metabolizes pro-
ducts of DNA oxidation (28). GSTP1 enzyme contri-
butes for more than 90% of all GST activity (29).
Polymorphism of GSTP1, GSTM1 and GSTT1 were
studied extensively (26, 30).

GSTP1 has 4 different alleles: GSTP1*A (wild

type), GSTP1*B (Ile105Val), GSTP1*C (Ile105Val
and Ala114Val) and GSTP1*D (Ala114Val) (31). The
activity of the enzyme is affected by substitution at
the position 105 (32). GSTP1*B allele has a sevenfold
higher catalytic activity for the diol epoxides of po-
lycyclic aromatic hydrocarbons than a wild type allele
(33). On the contrary, the same allele GSTP1*B has a
threefold lower efficiency in conjugation of 1-chloro-
2.4-dinitrobenzene (33). Results of some studies
suggest that the Ala114Val substitution can augment
the Ile105Val phenotype (34). GSTP1 is abundantly
expressed in alveoli, alveolar macrophages and respi-
ratory bronchioles, more than GSTM1, while other
glutathione S-transferases are not expressed in the lung
(35). Japanese study showed increased prevalence of
Ile105Ile genotype in COPD patients resulting the
odds ratio 3.5 (36).

Mu class of GSTs is coded by 5 genes: GSTM1,
GSTM2, GSTM3, GSTM4, GSTM5, all located on
chromosome 1p13.3 (37). GSTM1 has three different
alleles: GSTM1*0 (homozygous for deletion, no
expression of the protein), GSTM1*A and GSTM1*B
differing in one nucleotide within exon 7 (26, 30).
The frequency of the GSTM*0 allele in general po-
pulation is 40–50% (35). Deleted allele was demons-
trated to have higher frequency in the group of patients
with emphysema and lung cancer (OR=2.1) (38).

Theta class of GST is represented by 2 genes:
GSTT1 and GSTT2, both localized on chromosome
22 (37). In the Caucasian population homozygous for
a null allele (GSTT1*0) are found with 20% frequency
(26, 30). Korean study failed to show any associations
between the COPD and polymorphisms of GSTM1
and GSTT1 (39).

Microsomal epoxide hydrolase (mEPHX) cataly-
ses hydrolysis of many exogenous arenes and aliphatic
epoxides to water-soluble dihydrodiols (40). mEPHX
is expressed in various cells, including bronchial epi-
thelial cells (7). Several polymorphisms of mEPHX
have been described (41). Two missense mutations:
Tyr113His in the exon 3 and His139Arg in the exon 4
were reported to influence the activity of the enzyme
(41). These polymorphisms determine phenotypes
known as fast (homozygous wild allele in exon 3) and
slow (homozygous wild allele of exon 4) metabolizer
(41). Some studies suggested that slow metabolizer
phenotype might be involved in the pathogenesis of
COPD (42). The slow metabolizer phenotype of the
enzyme was found to be more frequent in emphysema
(22%), and in COPD patients group (19%) than in
control subjects (13%) (42). A. J. Standford et al
described association between mEPHX His113/His139

haplotype and increased rate of decline of lung func-
tion (43).
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Matrix metalloproteinases (MMP) are a large
group of extracellular enzymes with proteolytic
activity. The list of MMP seems to bee long and still
incomplete. Currently 23 different MMP have already
been cloned (44). The common feature for all MMP
is the presence of two conserved motifs of their struc-
ture (44). The first one, named pro-domain, is com-
posed of 80 amino acids containing a highly conserved
sequence PRCXXPD (45). The second conserved
domain confers catalytic activity (44). Most MMP
have similar gene arrangement, this fact suggests a
common origin of MMP from a duplicated ancestor
gene (44). MMP can differ by specialized domains
responsible for substrate specificity, recognition and
interaction with other molecules (44).

Several MMP (MMP-1,MMP-3, MMP-7, MMP-
8, MMP-10, MMP-12, MMP-13 and MMP-20) are
located in one cluster region of chromosome 11q21-
23 (46). Other MMP are scattered over chromosomes
1, 8, 12, 14, 16, 20 and 22 (44). The function of MMP
is not completely understood. Some of these enzymes
seem to be responsible for tissue homeostasis while
the others participate in inflammatory response, tumo-
rigenesis and other diseases (44). MMP can act not
only as proteinase but also as molecules involved in
cell-cell and cell-matrix signaling. A pattern of MMP
and their quantities differ between tissues (44). MMP-
1 and MMP-9 expression is elevated in the lung of
smoking COPD patients when compared to controls
(47). A recent study on mice knockout of MMP-12
(MMP-12 -/-) demonstrated the pro-inflammatory
function of MMP-12. It induced inflammation by
release of TNF- α from macrophages (48).

Several polymorphisms potentially affecting gene
expression have been described in promoter regions
of MMP (49, 50). In MMP1 gene, insertion of guanine
at position –1607 (1607G allele) introduces a new
binding site for ETS-1 transcription factor (49). This
allele was more frequent in patients with fast decline
of lung function when compared to the non-decliners
(51). MMP12 allele A (A82G polymorphism) has
apparently a higher affinity for the transcription factor
activator protein-1 (AP-1) (52). The effect of another
polymorphism of MMP12, Asn357Ser on the function
of the protein is still discussed (51). In a recent study
a complex interaction between MMP1 G–1607G
alleles and MMP12 Asn357Ser polymorphisms was
demonstrated and suggested association with the rate
of lung function decline (51).

In the Caucasian population polymorphisms of
MMP1 and MMP12 genes were involved in the patho-
genesis of COPD (51, 53). In a recent Japanese study
importance of MMP-9 polymorphism (-1562C/T) was
suggested in development of pulmonary emphysema.

Allele -1562T was significantly more frequent in sub-
jects with emphysema and odds ratio for this asso-
ciation was 2.69 (54). This risk allele had lower bin-
ding affinity for a transcriptional repressor (55).

Function of MMPs can be controlled by their inhi-
bitors. In the gene coding tissue inhibitor of metallo-
proteinases-2  (TIMP-2) two polymorphisms (-418 G/C
and +853 G/A) were studied in COPD patients (56).
The frequency of +853G allele and -418C allele was
significantly higher in the COPD group than in cont-
rols (57). The authors suggested that these polymor-
phisms were associated with the COPD by decrease of
the transcription rate and destabilization of the mRNA.

Tumor necrosis factor-α (TNF-α) is a pro-inflam-
matory cytokine coded by the gene on chromosome
6p, within the major histocompatibility complex
cluster (56). TNF-α is a mediator of inflammation,
and also plays an important role in host defense against
a variety of fungal, bacterial and viral pathogens (58).
Elevated drum and sputum levels of TNF-α (59, 60)
were found in COPD patients. This observation sug-
gested that genetic polymorphisms of the gene could
associate with a susceptibility to COPD. The gene has
several polymorphisms and these located within the
promoter region can affect the gene expression. Se-
veral studies evaluated the effect of these polymor-
phisms on TNF-α production in vitro but results re-
mained conflicting (61, 62). The best-studied poly-
morphisms of TNF-α located in the promoter region
of the gene are: -308G/A; -376G/A and 238G/A (57).
Another polymorphism, +489 G/A, was found in the
first intron (63). Most of the association studies in
COPD focused on –308 G/A polymorphism. Allele -
308G was more frequent in Taiwanese (64) and Japa-
nese (65) COPD patients than in controls. These re-
sults are in disagreement with case control studies on
Italian (66), British (67) and Northern Americans
patients (43). The possible difficulty in replication of
the results was attributed to ethnic differences of allele
frequency. In another study, homozygous for –308A
allele were predisposed to worse prognosis in COPD
(68). Only limited number of studies was published
on other TNF-α polymorphisms in COPD. The +489A
allele was more frequent in COPD group, especially
in patients without radiological emphysema (56).
Nevertheless, most of polymorphisms analyzed in the
same study (-376G/A, -308G/A, -238G/A) did not
associate with the disease (56). A. Churg et al in the
recent study demonstrated that TNF-α was one of the
most important mediators in smoke-induced inflam-
mation, triggering a cascade of activation of vascular
endothelial cell, followed by neutrophils influx and
neutrophils’ elastase release (69).

Alpha-1 antichymotrypsin (AACT) is a protease
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inhibitor, which can also protect the lung against
inflammatory mediated destruction. Only a few studies
focused on AACT polymorphisms in COPD patients.
Results of these studies were incoherent (70–72).

Between other genes studied for genetic associa-
tion with COPD, vitamin D-binding protein gene is
promising. Homozygous for 1F allele in exon 11 of
the gene were more frequent in COPD than in controls
and this result was confirmed in two different ethnic
groups (73, 74).

Alpha 2-macroglobulin (A2M) is an inhibitor of
many proteases. The most frequent alteration of the
gene is 5bp deletion (75). Congenital deficiency of
A2M, although rare, was associated with 20-30-fold
increased risk for COPD (75).

The I phase reaction of the metabolism of xe-
nobiotic consists on oxidation and is catalyzed by cy-
tochrome oxidases. Cytochrome P4501A1 (CYP1A1)
is an example of these enzymes family. The amino
acid substitution Ile462Val in CYP1A1 increases the
enzyme activity in vivo (76). Allele Val462 was more

frequent in patients with centriacinar emphysema and
in lung cancer, this association had odds ratio 2.5 (77).

In addition, Japanese study on a micro-satellite
polymorphism in the promoter of heme oxygenase-1
gene reported an association with emphysema in
smokers (78). This result was not replicated in other
ethnic group.

Conclusions
The predictive value of genetic polymorphisms in

susceptibility to COPD is still uncertain. Alpha-1 anti-
trypsin ZZ and SZ genotypes, GSTP1 Ile105 allele,
mEPHX slow metabolizer phenotype seem the best
candidates for association with COPD. The clinical
importance of other gene’s polymorphisms is still
under discussion as there is only limited number of
studies performed or the data are not replicated. Re-
sults of research in the field support the polygenic
model of the disease and the idea of relatively small
impact of individual genetic alterations on pathoge-
nesis of the disease.
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