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ABSTRACT 
Chronic obstructive pulmonary disease (COPD) is a slowly progressing lung disease characterized 
by irreversible airflow limitation in the lungs. COPD is a complex disease which is influenced by 
genetic factors, environmental agents, and gene-environmental interactions. Smoking is one major 
risk factors for the development of COPD, although other important risk factors have been also 
considered: occupational exposures, air pollution, age, sex, lung inflammation in childhood, airway 
hyperreactivity, and genetic predisposition.  
Considering the main processes and pathways implicated in pathogenesis of COPD, several genes 
grouped into 4 main panels, have been proposed and investigated as candidate genes for COPD: i) 
genes encoding xenobiotic-metabolizing and antioxidant enzymes; ii) genes encoding proteases and 
antiproteases; iii) inflammatory mediators and iv) genes encoding proteins involved in airway 
hyperreactivity. In this work we attempted to highlight the recent knowledge and evidence for the 
role of the candidate genes encoding proteases, antiproteases and inflammatory mediators in genetic 
susceptibility to COPD. Based on this short review it could be concluded that COPD is a polygenic 
disease and the individual genetic alterations have a relatively small impact on pathogenesis of this 
disease. Because the number of the genes and gene polymorphisms proposed to be implicated in the 
processes of COPD development is growing and the results from the associative and experimental 
analyses are frequently controversial it is required further substantial exploration.   
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INTRODUCTION 
Chronic obstructive pulmonary disease 
(COPD) is a slowly progressing lung disease 
characterized by irreversible airflow limitation 
in the lungs. COPD is one of the main causes 
of chronic morbidity and death worldwide. It is 
considered that until 2020 COPD will be the 
third leading cause of death after myocardial 
infarction and insult, and is expected to 
increase in prevalence until 2030 (1, 2). 
 
Several environmental and endogenous risk 
factors for COPD have been proposed: they  
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include cigarette smoke, environmental  
pollution, occupational exposures, age, sex, 
lung inflammation in childhood, airway 
hyperreactivity and genetic susceptibility (3-7). 
 
Cigarette smoking is clearly the major 
environmental determinant of COPD,  as the 
relationship between smoking history and 
decline in lung function has also been well 
defined (3-7). However, only 10-20 % of 
heavy smokers develop severe lung injuries, 
which are characteristic for COPD. Hence, 
genetic susceptibility must play a pivotal role 
in the development of this disease, in addition 
to environmental factors.  
 
According to the current paradigm for the 
pathogenesis of chronic obstructive pulmonary 
disease, the chronic airflow limitation results 
from an abnormal inflammatory response to 
inhaled particles and noxious gases in the lung 
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leading to enhanced generation of reactive 
oxygen and/or nitrogen species (ROS/RNS). 
That ROS/RNS, in addition to those containing 
in cigarette smoke, result in local oxidative 
stress which in turn stimulates the immune 
cells and aggravates the inflammation 
response. As a consequence of the accelerated 
inflammation the protease-antiprotease 
imbalance occurs, which is linked to the 
pathogenesis of emphysema. Considering the 
main processes and pathways implicated in 
pathogenesis of COPD, several genes grouped 
into 4 main panels (Figure 1), have been 

proposed and investigated as candidate genes 
for COPD: i) genes encoding xenobiotic-
metabolizing and antioxidant enzymes; ii) 
genes encoding proteases and antiproteases; 
iii) inflammatory mediators and iv) genes 
encoding proteins involved in airway 
hyperreactivity.  
 
Figure 1. The main processes and pathways 
involved in pathogenesis of COPD and 
corresponding groups of candidate genes 
(According to (8), modified) 

 Fig. 1 
 

GENES ENCODING PROTEASES AND 
ANTIPROTEASES 
α1-Antitrypsin (ААТ) 
Alpha1-antitrypsin (ААТ) is the main inhibitor 
of serum proteases. The inherited deficiency of 
AAT is the only genetic variation truly proven 
to be associated with development of COPD 
(Table 1). AAT belongs to the serpin family, a 
large group of proteins inhibiting the activity 
of serine proteases (9). The family consisted 
also of alpha1-antichymotrypsin, protein С1 
inhibitor, antithrombin and neuroserpin. The 
ААТ gene is located on the long arm of 
chromosome 14 (14q23.1-3) in a cluster with 
the genes of other serpins. The neutrophil 
elastase is the main target of AAT: the elastase 
is attacted and bound by serpin domain, 
subsequently, inhibited and degraded (9).  
 

The homozygous ZZ patients have a very low 
level of serum alpha1-antitrypsin and show 
accelerated rate of decline in lung function 
(FEV1 % pr.), even in non-smokers (9). The 
homozygous ZZ smokers develop COPD in 
early age. However this homozygous genotype 
is with very low frequency in human 
population (1/5000) and could explain only 
about 1% of the cases with COPD.  
 
So far more than 90 different phenotypes of 
AAT have been determined (10). The most 
common gene variants are М, S and Z. М1, 
М2, М3 and М4 are variants of the wild type 
allele and are detected in about 90% of the 
populations (9). The Z allele has single 
nucleotide substitution: G in the M allele is 
replaced with A in exon 5 in Z allele resulting 
in substitution of Glu342 with Lis342 in the 
polypeptide chain of the protein. The altered 
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protein (with Lis345) is resistant to the 
enzymatic degradation and could aggregate. 
The protein accumulates in the endoplasmic 
reticulum of hepatocytes  causing liver 
damages and diseases and low serum AAT 
levels. The S allele has a substitution of A (in 
M allele) with T in exon 3, which results in 
alteration of Glu264 with Val264 in 
polypeptide chain of the inhibitor.   
 
It has been shown that some genotypes (ZZ, 
SZ, MZ, SS, MS) are associated with decrease 
of serum concentration of α1-АТ about 16%, 
51%, 83%, 93% and 97%, respectively in 
comparison to the wild-type MM genotype. 
The homozygous ZZ genotype results in the 
most severe тежък α1-АТ deficiency (9, 10) 
(Table 1). 
 
Some investigations have compared 
individuals with MZ genotype with those with 
MM genotype and have reported significant 
differences of lung functions or symptoms 
among nonsmokers. However there are 
controversial results among smokers. It has 
been shown that MZ smokers have greater loss 
of elastic recoil than MM smokers and more 
rapid decline in FEV1 (9-11).  
 
The SS and SM genotypes do not contribute 
significantly to development of COPD (9). The 
heterozygous SZ genotype has been associated 
with less severe airway limitations than the ZZ 
genotype. The SZ smokers have been reported 
to have decline of lung function and 5-fold 
higher risk of airway obstruction compared to 
smokers with MM genotype (12) (Table 1).  
 
α1-Antichymotrypsin (а1-АСТ) 
The alpha1-antichymotrypsin  (а1-АСТ) is a 
protease inhibitor secreted by hepatocytes and 
alveolar macrophages. This gene has several 
polymorphisms. The variant Ala allele of  Thr-
15Ala SNP of а1-АСТ resulting in  а1-АСТ 
deficiency has been shown to associate with 
COPD in a Swedish population (13), however 
it has no effect on the risk for COPD in Italian 
population (14) (Table 1).  
 
α2-Macroglobulin (А2М) 
The gene of α2-macroglobulin is localized on 
chromosome 12. A2M is inhibitor with a wide 
range antiprotease activity. It is synthesized in 
hepatocytes and alveolar macrophages. The 
serum deficiency is a rare event. The most 
common variation of  А2М  gene is 5’-
nucleotide deletion. The inherited deficiency of 
A2M, although rare, has been associated with 

20-30-fold higher risk of COPD (10, 15) 
(Table 2). 
 
Secretory leukocyte proteinase inhibitor (SLPI) 
The secretory leukocyte proteinase inhibitor 
(SLPI) is thought to be one of the most 
powerful antiproteinase inhibitors in the 
airways, which is produced by bronchial 
epithelial cells. It is very active against the 
neutrophil elastase. In addition this important 
antiproteinase inhibitor possesses antibacterial 
and antiviral activity. In general the  gene of 
SLPI is relatively stable, non-polymorphic, and 
it is constitutively expressed in different 
tissues. However it has been suggested that the 
gene expression could be modulated on 
transcriptional and posttranscriptional levels 
(16). Recently, a study in UK (17) has shown 
that in sputum of COPD patients with frequent 
exacerbations the levels of SLP are low, which 
suggests the role of this inhibitor in 
progression of the disease.  
 
Matrix matalloproteinases (MMPs) 
He matrix metalloproteinases (MMP’s) belong 
to a large family consisted of more than 30 
proteolytic enzymes (18, 19), which play a 
pivotal role in tissue remodeling and repair in 
development and inflammatory processes (20).  
 
Over-expression of MMPs is associated with 
severe pathological conditions, such as 
irreversible degradation of tissues in arthritis, 
degradation of collagen in tumor invation and 
matastasing leading to unfavorable prognosis 
of the patients (18, 21).  
 
Studies with animals and huan have shown that 
MMP-1 (interstitial collagenase), MMP-12 
(human macrophage elastase) and MMP-9 
(gelatinase B) are important in inflammatory 
processes in airways of lungs and for 
development of emphysema (20, 22). 
Transgenic animals over-expressing human 
MMP-1 in the lungs developed morphological 
changes resembling emphysema in human 
(23). On the other hand, MM-12 knockout 
mice did not develop emphysema after 
cigarette smoke exposure in comparison to the 
wild type mice (24). This observation has 
suggested the critical role of MMP-12 for 
development of lung injuries induced by 
cigarette smoke. Moreover, smokers with 
airway obstruction had over-expression of 
MMp-1 and MMP-9 in comparison to smokers 
without COPD and nonsmokers (25).  
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Table 1. Candidate genes encoding proteases and antiproteases, the corresponding candidate risk 
alleles, their effects and results from investigations for elucidation their role for development of 
COPD.  
Candidate gene Candidate risk alleleEffect of the risk allele Results from associative studies 

Z (Lys342)(9, 10) α1-AT deficiency 
(15-16% of normal values) 

ZZ genotype- high risk of COPD 
MZ – moderate risk (9-11) 

α1-Antitrypsin (ААТ) 

S (Val 264) (9, 10) α1-AT deficiency 
 (60% of normal values) 

No effect on the risk 

Ala 227 α1-ACT deficiency 
(51% of normal values) 

Association with COPD in some 
populations(13, 14) 

a1-Antichymotrypsin 
(ААСТ)  

Thr-15 Unknown  Association with COPD(13, 14) 
α2-Macroglobulin 
(А2М) 

Tyr 792 Affects protein function Association with COPD in one 
study(10, 13) 

ММР1 -1607GG Creates a new binding site for 
ETS-1 transcription factor  

Decline of lung function(31) 

MMP9 -1562Т Lower affinity of promoter to the 
transcriptional repressor 

3-fold increased risk for 
emphysema(32) 

-82G Decrease affinity of the promoter 
to the transcriptional factor AP-1 

Positively associated with FEV1 and 
with reduced risk of COPD(30) 

ММР12 

Asn357 Unknown ММР12 Аsn357 in combination 
with MMP1             -1607GG – 
decline of lung function(31)  

853G TIMP2 
-418C  

Decreases transcription and 
mRNA stability  

Higher proportion in COPD patients 
(10, 34) 

T2G (39) Affects signaling, being located 
within the putative SH3-binding 
domain 

T1G (39) Unknown 
S2C(39), S2G(47) Affects signaling, being located 

within the putative SH3-binding 
domain 

V4C(47) Unknown 

Association with COPD (39, 47) 

Q-1G(39), Q-1C(47) Located near the EGF domain and 
can modulate lung morphogenesis

S1G(47)  Unknown 

ADAM33 
(a disintegrin and 
metalloprotease 33) 

V-1C(47) Unknown 

Association with COPD and  lower 
lung function (47) 

 
 
Large number of promoter polymorphisms has 
been determined in the genes of MMPs 
resulting in alteration of the gene expression 
(26-29). The promoter polymorphism of 
MMP1 gene (G-1607GG) introduces a new  
binding site for the transcriptional factor ETS-
1 (26). The substitution of A with G at position 
-82 (A-82G) in MMP12 results to decrease 
affinity of the promoter to the transcriptional 
factor AP-1 (27), which in turn leads to 
decrease expression of MMP-12. The minor 
allele (G) of this functional variant in the 
promoter region of MMP12 (A−82G) was 
positively associated with FEV1 in a combined 
analysis of children with asthma and adult 
former and current smokers in all cohorts. 
This allele was also associated with a reduced 
risk of COPD (30). 
 
 

 
 
The investigations of the role of other 
promotor polymorphisms in lung diseases have  
shown that the variant -1607GG allele of the 
G-1607GG polymorphism of MMP1 is 
associated with decline of lung function of 
smokers (31). In the same study, it was 
reported that polymorphisms in ММР-9 and 
ММР-12 did not have individual effect, 
however the combination (the haplotype) -
1607GG/MMP1 and  Asn375/MMM12 
showed statistically significant association 
with the decline of lung function (31). 
Alternatively, in another study it as been 
shown that the promoter polymorphism of 
MMP9 gene (С-1562Т) was associated with 
development of emphysema in Japanese 
smokers (32): the variant -1562Т allele 
correlated with about 3-fold increased risk for 
emphysema (32). This risk allele had lower 
affinity to the transcriptional repressor (33).  
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Tissue inhibitors of MMP (TIMPs) 
The functions of MMPs are controlled by their 
tissue inhibitors (TIMPs). In the gene encoding 
the inhibitor f MMP-2 (TIMP-2) two 
polymorphisms (G-418C and G853A) have 
been studied in patients with COPD. The allele 
frequencies of 853G and -418C have been 
reported to be significantly higher in patients 
in comparison to the controls. These authors 
suggested that the studied polymorphisms were 
associated with COPD because they resulted in 
decreased transcriptional activity and 
destabilization of mRNA (10, 34).  
 
A disintegrin and metalloprotease 33 
(ADAM33)  
ADAM33 belongs to the ADAM (A 
Disintegrin And Metalloproteass) family of 
membrane anchored metalloproteinases, 
capable of shedding a multitude of proteins 
from the surface of the cell (35, 36). 
Mammalian ADAMs are involved in various 
biological and disease-related processes, such 
as cell-cell fusion, adhesion and intracellular 
signaling. Functional activity of ADAMs have 
been described in sperm-egg binding and 
fusion, trophoblast invasion and matrix 
degradation during pregnancy, angiogenesis 
and neovascularization. ADAMs are 
implicated in pathological processes, including 
cancer, inflammation, neurodegeneration, 
asthma and fibrosis, through shedding of the 
apoptosis-inducing FAS ligand, cytokines and 
growth factors (36, 37).  
 
A second group of proteins within the ADAM 
family has recently been discovered: 
ADAMTS (ADAM with thrombospondin 
domains) family. These proteins contain 
several thrombospondin-like repeats in their C-
terminal regions and lack the transmembrane 
domain known to be present in ADAMs (36, 
37).  
 
The data concerning the expression of 
members of ADAM and ADAMTS  families in 
lung tissues  are more recent and rather 
incomplete (37). In lung tissue, an expression 
of ADAM-8, -9, -10, -12, -15, -17 and 
ADAMTS-1, -2 has been observed (37, 38).  
 
Over the last years, the attention has risen 
about the roles of ADAM proteinases in 
processes leading to airway diseases such as 
asthma and COPD. ADAM-33 was one of the 
first ADAM proteinases to be identified as an 
asthma susceptibility gene (37).  

 
ADAM33 is an active proteinase that is able to 
cleave α2-macroglobulin and synthetic 
peptides (39). The enzymatic activity of 
ADAM33 can be inhibited by tissue inhibitor 
of metalloproteinase- 3 and -4 (TIMP-3 and -4, 
respectively) as well as several small 
molecules (39, 40). It has been showed that a 
truncated, soluble form of ADAM33 
containing the catalytic domain caused rapid 
induction of endothelial cell differentiation in 
vitro and angiogenesis ex vivo and in vivo. 
Although not as well studied, there is evidence 
that the vascular area of the airway is 
significantly increased in COPD and that this 
increase correlates with the degree of airflow 
obstruction (40). In addition there are studies 
describing ADAM33 gene expression in 
airway smooth muscle cells and fibroblasts in 
the lung (39, 40), suggesting that it is 
important in the development of asthma and in 
other lung disease, possibly through airway 
remodeling (41).  
 
Genome-wide screening has revealed that 
chromosome 20p13 was significantly linked to 
asthma and airway hyperresponsiveness. This 
genomic region contains the gene ADAM33 
(42). Since the first report of an association 
between ADAM33 polymorphisms and 
asthma, many studies have confirmed this 
relation of ADAM-33 gene polymorphisms 
with the hyperresponsiveness and asthma (41, 
43-46).  
 
Lately,  ADAM-33 has also been identified as 
a susceptibility gene for COPD since single 
nucleotide polymorphisms (SNPs) observed in 
this gene wereassociated with a higher risk for 
developing COPD (39, 46, 47). ADAM-33 has 
recently been reported to be linked to airway 
hyperresponsiveness and airway inflammation 
in the general population suffering from COPD 
(35, 47).  
 
Several polymorphisms in the promoter and 
other regulatory regions as well as in coding 
regions of ADAM33 gene have been studied in 
association with COPD.  
 
The -2154G/A SNP in the promoter region was 
assumed to alter the gene’s transcriptional rate, 
the F+1 SNP (7575 G/A in intron 6) is close to 
Cys179 (cysteine switch), potentially 
modulating proteolytic activity, the L_1 
(Ala359Val) is located in the catalytic section of 
ADAM33, whereas the T2 (12462 G/A, 
Pro774Ser) and S2 10918 (G/C, Gly717Gly) 
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SNPs may also affect signalling, being located 
within the putative SH3-binding domain. The 
Q-1 (G/A) SNP is located near the EGF 
domain and can modulate lung morphogenesis.  
 
The analyses of 8 SNPs in ADAM33 [F+1 
(G/A in intron 6), Q-1 ( intronic C/T), S1 (A/G 
in exon 19, Val710Ile), S2 (exonic C/G, 
Gly717Gly), ST+5 (intronic A/G), T1 (A/G, 
Met764Thr), T2 (A/G, Pro774Ser), V4 (exonic 
C/G)], Wang et al. have found statistically 
significant differences in the distributions of 

the T2G, T1G, S2C, and Q-1G alleles between 
patients and controls, and showed that all of 
these risk alleles determined about 2-3-fold 
higher risk for COPD (39). In another study, 
however Q-1C, S2G, S1G, V4C and V-1C of 
the corresponding Q-1 (C/T), S2 (G/C), S1 
(G/A), V4 (C/G) and V-1 (C/A)  SNPs were 
statistically associated with COPD ) (47). In 
addition, Q-1C, S1G and V-1C were also 
associated with lower ppFEV1, FEV1/FVC 
ratio and ppFEF25–75. (47) 

 
Table 2. Candidate genes encoding inflammatory mediators, the corresponding candidate risk alleles, 
their effects and results from investigations for elucidation their role for development of COPD.  
 
Candidate gene Candidate risk alleleEffect of the risk allele Results from associative studies 

Gc1F  Increased risk of COPD, conflicting 
results.(10, 49) 

Vitamine-D binding 
protein (VDBP) 

Gc2 

Possibly affect the conversion to 
macrophage-activating factor  

Decreased risk of COPD(50) 

Tumor necrosis factors-
α (TNF-α)  

-308А  Enhanced expression of TNF-α 
and increased serum levels  

Increased risk of COPD, conflicting 
results.(10, 51, 52) 

Interleukine-11 (IL11) Dinucleotide 
microsatellite 
promoter allele, 
IL11A2 

Alteration of the expression  Protective effect for COPD(53) 

IL1 
(IL1B) 

-511T Increased levels of IL-1 and ILRN In combination with Allele2 of 
ILRN – risk factor of fasr decline of 
lung function (55) 

IL-1 receptor antagonist 
(ILRN, ILRa) 

Allele 2  Unknown Association with COPD(55) 

IL13  -1055Т Altered regulation of expression, 
increased levels  

Risk factor of COPD(56)  

 1103C Lower level of IL-13 Decreased risk of COPD(57) 

-509Т  Increased affinity to YY1 nuclear 
factor and increased expression  

Transforming growth 
factor-β1 (TGFB1)  

29C  Increased production of TGF-β 

Association with COPD(61)  
 

IL10 -1082A Reduced IL-10 production  Risk factor of COPD(79) and 
decline of lung function (71). 
Controversial results (76, 77) 

 
GENES ENCODING INFLAMMATORY 
MEDIATORS 
Vitamin-D-binding protein (VDBP) 
Vitamin-D-binding protein (VDBP) (Gc 
globulin) is a protein secreted by liver.  It binds 
vitamin D, can act as macrophage activating 
factor and can increase the chemoatracting 
activity of C5a for neutrophils (48). Thus, 
VDBP is capable to regulate the inflammatory 
response or to decline the antioxidant capacity 
of patients. Functionally active VDBP is found 
in broncho-alveolar lavage, as higher levels of 
this protein are assessed in patients with COPD 

and in asymptotic smokers compared to non-
smokers (10).  
 
There are three main isotypes of this serum 
proteins encoded by three co-dominant alleles 
of Gc-globuline gene: Gc1S, Gc1F and Gc2 
(49).  These three alleles are found with the 
following frequency in the Caucasian 
populations: 0.56, 0.16 and 0.28 (50). The 
differences between the three isoforms are 
results from two SNPs each of which leads to a 
amino acid substitution. There are studies on 
the associations of the three most common 
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polymorphisms in VDBP gene with COPD, 
however the results are conflicting. In a study, 
it has been found that Gc2 allele is protective 
for COPD (50),  whereas in other 
investigations the homozygous Gc1F 
individuals had increased risk for COPD (10, 
49). It has been found that COPD patients with 
Gc1F allele have faster decline in FEV1 (49). 
 
Tumor necrosis factors (TNFs) 
Tumor necrosis factor-α (TNF-α) and TNF-β 
are pro-inflammatory cytokines with multiple 
effects that might be implicated in 
pathogenesis of COPD: activating of 
neutrophils and releasing by them of different 
mediators and proteinase (elastase).  TNF-α s 
supposed to play an important role in induction 
of apoptosis. Alveolar septa cell apoptosis is 
assumed to contribute to development of 
emphysema. The -308G>A promotor 
polymorphism in TNF-α gene has been proven 
to functional: the allele 2 (-308А) was shown 
to be associated with altered (increased) 
secretion of the cytokine in vitro. The studies 
on the role of polymorphisms in promoter 
region of TNF-α gene for development of 
COPD have reported quite controversial results 
(51, 52, Tzortzaki, 2006 #173). Another 4 
SNPs in regulatory regions of TNF-α gene 
have been analyzed in association with COPD: 
a promoter SNP (-238), a SNP in intron 
(+489), and 2 SNPs in 3′ UTR. The results 
were negative (52).  
 
Interleukin-11 (IL11) 
IL-11 is a cytokine with an anti-inflammatory 
effect expressed mainly by reduction of the 
levels of TNF-α  and sequestration of 
neutrophils that has been demonstrated in in 
vivo studies (53).  The investigations on the 
role of IL-11 in genetic susceptibility to COPD 
have been focused on a dinucleotide 
microsatellite polymorphism in promotor of 
the gene. It has been found that IL11A2 
microsatellite allele and IL11A2 homozygous 
genotype are significantly less frequent in 
COPD patients than in controls. This 
difference in the frequencies is even more 
pronounced in patients nonsmokers compared 
to controls nonsmokers (53). These result 
suggested about the protective role of IL11A2 
microsatellite allele for development of COPD.  
 
Interleukine-1 family (IL1) 
Currently the family of  IL-1 consisted of 11 
members with opposed effects on the 
inflammatory processes (54). Among them 

attention has been paid on the two main pro-
inflammatory cytokines IL-1α and IL-1β and 
on one of the natural anti-inflammatory agents, 
IL-1 receptor antagonist (ILRN, ILRa) (54, 
55). The two forms of IL-1 are coded by two 
diverse genes, however they have significant 
structural homology and bind to the same 
receptor. They are synthesized by variety of 
cell types, including monocytes and 
macrophages. IL-1 and its antagonist can 
influence the lung function due to the effect of 
IL-1 on the neutrophil functions and 
chemotaxis and induction of neutrophil 
elastase release. IL-1 assists the adhesion of 
the neutrophils via stimulation of adhesion 
molecule expression such as ICAM-1, VCAM-
1 and L-Selectin (54). 
 
The genes of IL-1α, IL-1β and  ILRN are 
localized on the long arm of chromosome 2 
and each of them is polymorphic. The gene of 
IL-1β (IL1B) has a SNPin the promoter region 
(C–511T), whereas IL1RN  gene possesses a 
penta-alellic polymorphic site in intron 2 
containing 2-6 tandem repeats of 86 bp. 
Evidence has been accumulated that allele 2 of 
IL1RN  (IL1RN*2) has been associated with 
susceptibility to and worse outcome from 
several chronic inflammatory diseases 
(ulcerative colitis and systemic lupus 
erythematosus) (54, 55). The promoter 
polymorphism in IL1B (C-511T) has also been 
linked with inflammatory bowel diseases and 
plasma levels of IL-1β and IL-1RN (55).  
 
Both polymorphisms have no independent 
effect on the risk for COPD, however the 
IL1B/IL1RN haplotype has appeared to be 
important for decline of lung function in 
smokers : allele 1 of IL1RN gene in 
combination with -511Т allele of IL1B has 
turned out to be risk factors for rapid decline of 
lung function (55). 
 
Interleukine-13 (IL13) 
The gene of human IL-13 together with that of 
IL-4 are localized on the long arm of 
chromosome 5 (5q31), a region that has been 
lined with airway hyper-responsiveness, 
asthma and serum levels of IgE.  
 
It has been found that the inhibition of IL-13 
activity in the lung of sensitized mice prevents 
several characteristics of asthma, such as 
airway hyper-responsiveness, pulmonary 
eosinophilia and mucus production, whereas 
the lung expression of transgenic IL-13 results 
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in a COPD phenotype with inflammation, 
mucus metaplasia and matrix-
metalloproteinase- and cathepsin-dependent 
emphysema (56). These results have 
unequivocally indicated the unique role of IL-
13 in pathogenesis of COPD (56). Van der 
Pouw Kraan et al. have also reported an 
increased frequency of the -1055T allele of C-
1055T SNP of IL13 gene in COPD patients 
compared to healthy controls and to smoking 
individuals with normal lung function (56). 
 
In another study 3 SNPs in IL13 gene have 
been investigated as risk factors of COPD: 
1103C/T, 4257G/A, 4738G/A. The results 
have indicated that CC genotype and C allele 
of 1103C/T  SNP is more common in controls 
than in COPD patients and are associated with 
lower levels of IL-13 suggesting that these 
genotype  and allele are protective for COPD 
(57).  
 
Transforming growth factor-β1 (TGFB1) 
In vitro, TGF-ß1 regulates the immune 
response, growth and differentiation of the 
cells, tissue reparation and production of 
exstracellular matrix. Investigations with 
animal models have provided strong evidence 
that changes in activation and signalization of 
TGF-ß1 are implicated in pathogenesis of lung 
emphysema. Mice lacking integrin-mediated 
activation of the latent TGF-ß1 (Itgb6-null) 
have developed lung emphysema accompanied 
with altered expression of MMP-12 by 
macrophages (58). These results clearly 
indicated the role of TGF-β1 in pathogenesis f 
COPD. 
 
In addition it has been found that the long arm 
of chromosome 19 contains genetic locus/loci 
which are shown to influence the development 
of COPD (59). In this region of chromosome 
19 the gene of TGF-β is also located 
suggesting it as a candidate gene for COPD. 
Several polymorphisms in the gene of TGF-β1 
have been determined, as those with a 
functional effect are the following: С-509T 
SNP in the promoter region and Т29C SNP in 
exon 1 of the gene. The T allele of С-509Т 
SNP in the promoter region of TGF-β1 alters 
the binding site for Ying Yang 1 (YY1) 
transcriptional factor resulting in enhancement 
of the affinity for the factor and activity of the 
promoter. As a consequence the serum level of 
the cytokine TGF-ß1 is increased. The variant 
C allele of Т29C SNP in exon 1 of TGFB1 
gene, which leads to replasment of Leu with 

Pro at codon 10 (Leu10Pro) has also been 
shown to increase the production of TGF-ß1 
(60). 
 
In a large investigation for elucidation of the 
role of polymorphisms in TGFB1 gene, it has 
been found that both SNPs, С-509T  and Т29C, 
in TGFB1 are associated with COPD (61).  
 
Interleukine 10 (IL10) 
IL-10 is an important immunoregulatory 
cytokine with pleiotropic effects (62, 63). IL-
10 has a key role in controlling the balance 
between humoral and cell (Th1/Th2) immune 
response. IL-10 possesses strong 
immunosuppresor effects carried out both via 
stimulation of proliferation and differentiation 
of B and Th2 cells and via inhibition of pro-
inflammatory Th1 lymphocytes and pro-
inflammatory activity of macrophages. As a 
consequence of the macrophage inhibition 
there is decreased expression and release of  
TNF-α and IL-8 by macrophages (64).  
Information about the expression and 
involvement of IL-10 in regulation of 
inflammatory processes in COPD are quite 
limited (65). It has been found that IL-10 
concentration in induced sputum of COPD 
patients and smokers was lower than non-
smokers (65), while there were increased 
levels of TNF-α and IL-8 and impaired 
protease/antiprotease balance shifted into the 
proteases (66).  
 
Based on that experimental evidence, it has 
been proposed a hypothesis about the role of 
decreased production of inhibitory cytokines, 
including IL-10, in development of chronic 
inflammation in airways assigned to Bronchial 
asthma and COPD. (65).  
 
The gene of IL-10 (IL10) is localized on the 
long arm of chromosome 1 (1q31-32). The 
gene of human IL-10 is highly polymorphic: 
more than 51 polymorphisms have been 
detected until now. Many of those 
polymorphisms (28) are located in the 
promoter region of the gene, most of which 
affect the expression of the cytokine. 
According to the research literature the most 
important functional polymorphism is the 
substitution of A>G at position -1082 (A-1082G; 
-1082A/G; rs 1800896) (67-71). This SNP is 
localized in a binding site for a transcriptional 
factor resulting in altered production and 
secretion of IL-10 (72). The A lellele at 
position -1082 in IL10 gene has been shown to 
determine lower production of the cytokine, 
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while the variant G allele on opposite – it s 
associated with higher production of IL-10 (68, 
70, 73). The same correlation between this 
polymorphism and IL-10 serum levels have 
been reported for COPD patients with severe 
α1-antitrypsin deficiency (71). That 
polymorphism, as well as other ones have been 
found to be associated with FEV1 of patients 
with asthma (74) and with the rate of decline 
of lung function in  firefighters (75). There are 
only few reports about the role of -1082A/G 
SNP in IL10 in COPD development and the 
results  are conflicting (69, 71, 76-78).  
 
Our own preliminary results concerning 
genotypes and allele distributions of -1082A/G 
SNP of IL10 in 118 patients with COPD 
(stages II, III and IV) and 116 healthy controls 
indicated that the frequency of the A allele and 
homozygous AA genotype was significantly 
more common in controls than in patients and 
was associated, although not significantly, with 
lower characteristics of lung function (79) . 
Thus we suggested that -1082A/G SNP of 
IL10 might be involved in genetic 
susceptibility to COPD as the low-producing A 
allele is a risk allele possibly via shifting the 
anti-/pro-inflammatory cytokine balance to the 
latter once in airways resulting in 
augmentation of inflammatory process (79).   
 
CONCLUSION 
Although there is clear evidence of a genetic 
contribution to the pathogenesis of COPD, 
only few specific genes have been implicated. 
Those specific candidate genes encode proteins 
involved in different processes and pathways 
composing the pathogenetic mechanisms of 
development and progression of COPD: i) 
xenobiotic-metabolizing and antioxidant 
enzymes; ii) proteases and antiproteases; iii) 
inflammatory mediators and iv) proteins 
involved in airway hyperreactivity. It is 
apparent that the number of the genes and gene 
variants proposed to be implicated in the 
processes of COPD development is growing, 
which requires further substantial exploration.  
Based on the short review we have attempted 
to perform it could be concluded that the 
number of the genes and gene polymorphisms 
proposed to be implicated in the processes of 
COPD development is growing and the results 
from the associative and experimental analyses 
are frequently controversial, which requires 
further substantial exploration.   
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