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Abstract: Chronic obstructive pulmonary disease (COPD) is a common chronic disease, and
its morbidity and mortality are increasing. There are many studies that have tried to explain
the pathogenesis of COPD from genetic susceptibility, to identify the susceptibility of COPD
factors, which play a role in early prevention, early detection and the early treatment. However,
it is well known that COPD is an inflammatory disease characterized by incomplete reversible
airflow limitation in which genes interact with the environment. In recent years, many studies
have proved gene polymorphisms and COPD correlation. However, there is less research on
the relationship between COPD and genome-wide association study (GWAS), epigenetics and
apoptosis. In this paper, we summarized the correlation between gene level and COPD from the
following four aspects: the GWAS, the gene polymorphism, the epigenetics and the apoptosis,
and the relationship between COPD and gene is summarized comprehensively.

Keywords: chronic obstructive pulmonary disease, COPD, genetic polymorphism, genome-
wide association study

Introduction

Chronic obstructive pulmonary disease (COPD) is a disease characterized by long-
term poor airflow from the lungs. Early symptoms are mild and often do not warrant
clinical intervention; therefore, patients actively seek medical treatment only when
airway limitation is more severe and activity endurance is significantly decreased.
At that time, stage III or IV COPD would have developed, along with cor pulmonale,
heart failure or respiratory failure. All of these factors thereby reduce the quality of
life of patients. Furthermore, disability and mortality rates in patients with COPD are
high. COPD is, therefore, associated with a high economic burden both on national and
international levels. A history of smoking is considered to be the most important factor
leading to COPD; however, life-long smokers have only 10%—20% lifetime incidence
of COPD. Furthermore, a small proportion of nonsmokers also develop COPD, and a
number of people diagnosed with airway limitation in childhood may also present with
COPD later in life. These factors suggest a familial genetic component to the disease.
Polymorphisms, caused by mutations in gene loci, may be associated with the pathogen-
esis of COPD, and multiple genes may contribute to the pathogenesis of COPD. In this
review, the associations of a number of genes with COPD are discussed (Table 1).

Genome-wide association analysis of emphysema genetic

factors
Genome-wide meta-analysis of emphysema by Boueiz A et al showed that multicohort
genome-wide association study (GWAS) of emphysema distribution has identified
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Table | Genes involved in pathogenesis of COPD

Genome-wide 4q31 near HHIP, 15925 near CHRNAS,

association 4q13 near SHOWAHB, 8q24 near TRAPPC)Y,

study 10p12 near KIAA 1462, CHRNA3, PSMA4 and
ADAMTST in 15q25 region

Single gene Oxidation—antioxidation  Glutathione S-transferase

polymorphism system Microsomal epoxide
hydrolase

Heme oxygenase
Superoxide dismutase
Hydrolytic—antihydrolytic

system

Serine protease inhibitor |
Serine protease inhibitor 2
SERPINA3

Matrix metalloproteinase
Lyase-metalloprotease 33
Inflammatory mediator Vitamin D binding protein
Transforming growth
factor-B 1

Tumor necrosis factor

Other [2-adrenergic receptor

Epigenetic Regulation of DNA methylation, histone acetylation
inheritance and miRNA, KANSLI
Apoptosis B cell CLL/lymphoma 2 (Bcl-2) family protein

Abbreviations: COPD, chronic obstructive pulmonary disease; miRNA, microRNA;
TRAPPCDY, trafficking protein particle complex 9.

five significant loci.! It has been previously confirmed
that 4q31 near hedgehog interacting protein (HHIP) and
15g25 near cholinergic receptor nicotinic alpha 5 subunit
(CHRNADS) are associated with susceptibility to COPD
driven by smoking behavior, whereas 4q13 near SHOWAHB,
824 near trafficking protein particle complex 9 (TRAPPC9)
and 10p12 near KIAA1462 are newly identified genes,
associated with susceptibility to COPD. Manichaikul et al
found that rs10411619 near MAN2B in a Spanish population
and rs7698250 near DHX15 and rs7221059 near MGATSB
in a Chinese population are significant in genome-wide
analysis.? Furthermore, the study also highlighted that the
genes CHRNA3, PSMA4 and ADAMTS?7 within chromo-
some 15q25 region may be associated with COPD2. Of these
genes, the former has been reported to be associated with
COPD, while the latter gene has not. PCDHY is an adhesion
molecule belonging to the cadherin family. In a GWAS of
adults with decreased lung function with no history of asthma,
two single-nucleotide polymorphisms (SNPs) of PCDH9,
rs17077331 and rs17077335, were associated with a decrease
in forced expiratory volume in the first second (FEV )/forced
vital capacity (FVC) in nonasthmatic patients. In the UK
BiLEVE study done by Louise et al, 50,008 subjects were
selected and six new genome-wide signals were found to be
associated with FEV, including four new loci (KANSLI,
TSENS54, TET2 and RBM19/TBXS5) and two previously

reported loci (NPNT and HLA-DQB1/HLA-DQAZ2).? These
loci were also associated with COPD even in nonsmokers,
and the study also found five new signals related to smoking,
including a variant of NCAM1 (chromosome 11) and variants
on chromosome 2 (TEX41 and PABPC1P2). In another
study, a meta-analysis found that 43 signals were associated
with one or more of FEV , FVC, or FEV /FVC in the whole
genome, 33 of which were new loci and 10 were statistically
independent risk loci, and these loci explain the decline of
lung function from the genetic aspects.* In this study, the UK
BiLEVE was used to study the individual variability and the
95-variance risk score. However, none of these variants was
found to be associated with acute exacerbation of COPD.
In a large-scale, multicenter study by Peter et al, aiming to
investigate the genetic and epidemiological characteristics of
COPD, genome-wide association analysis showed that seven
loci were significantly associated with COPD3. Two of the
identified loci were polymorphisms rs379123 in MYO1D
and rs9590614 in VMAS, both of which are associated
with cell-to-cell signal transduction and cell migration. The
other reported five loci from the study were HHIP, IREB2/
CHRNA3, CYP2A6/ADCK, TGFB2 and MMP12, and five
of these seven loci are located in enhancer and DNase I hyper-
sensitive regions of genes in lung fibroblasts or small airway
epithelial cells. Indeed, GWAS of emphysema patients
diagnosed with CT criteria shows that DLC1 and AGER are
susceptibility genes for COPD4. The recent genome-wide
association analyses show that 97 signals, enriched in devel-
opment, elastic fibers and epigenetic regulation pathways,
are related with COPD susceptibility.*

The possible genes associated with the pathogenesis of
COPD will be discussed in the following sections.

COPD and gene polymorphisms in
the oxidative-antioxidative system

Glutathione S-transferase
Glutathione S-transferase (GST) is an enzyme that metabo-
lizes various toxic substances. GST cytoplasmic enzymes are
divided into eight categories: alpha (GSTA), mu (GSTM),
pi (GSTP), theta (GSTT), sigma, zeta, kappa and chi.’ These
enzymes show a high degree of polymorphisms and are
closely associated with the occurrence and development of
COPD. At present, the majority of studies have implicated
mul (GSTM1), pil (GSTT1) and thetal (GSTP1) with an
increased risk of the development of COPD.

GSTM1 is located in the region 1p13.3, and GSTM1
homozygous deletion removes protein expression, thereby
preventing the detoxification. GSTMI has three loci, one
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of which is an invalid allele, and cannot be detected in
homozygous cases. Harrison et al studied 111 lung cancer
patients with emphysema and found that GSTM1 gene
deletion is significantly higher than that in a healthy control
group (odds ratio [OR] =1.36, P<<0.05).° Shukla et al con-
ducted a case—control study examining 204 COPD patients
and 208 healthy controls and found that the frequency of
the GSTM1 homozygous genotype in COPD patients is
significantly higher than healthy controls (OR =2.58; 95%
confidence interval [CI] =1.73-3.84; P=0.001).”

GSTTI is located in chromosome 22q11.2 region, and
not expressed in the lungs. It is thought that GSTT1 protect
the lungs by antagonizing systemic oxidative stress and
alleviating inflammation within the lungs. Currently, it is
fully understood whether absence of GSTT]1 is directly
implicated in COPD.

GSTP1 is strongly expressed in the alveoli, alveolar
macrophages and bronchioles, and polymorphism in the
position 105 results in mutations. A recent Japanese study
showed that the GSTP1 1051le polymorphism is associated
with airflow limitation, which causes a rapid decline in FEV ,
as well as other lung function parameters.® However, the
studies by Yang L et al did not find an association between
GSTP1 and COPD.’

Microsomal epoxide hydrolase

Microsomal epoxide hydrolase (mEH) is a biotransformation
enzyme that catalyzes the hydrolysis of various exogenous
epoxides.'? It has been demonstrated previously that cigarette
smoke contains a significant number of epoxides. Failure to
remove epoxides through hydrolysis by mEH often results in
several detrimental biochemical effects. Indeed, epoxides can
combine with RNA, DNA and proteins in tissues to produce
serious cytotoxic and genotoxic effects. mEH hydrolyzes and
oxidizes the above-mentioned tissues and increases the secre-
tion of proteases, and thus makes the trachea, bronchus and
alveoli subject to varying degrees of damage, which result
in airway obstruction and gradual development of COPD.
Hassett et al demonstrated that mutations may be present at
two loci, which leads to mEH having four possible alleles.!!
Two mutation loci are located at exon 4 and exon 3, and
a T-to-C mutation occurs in the base of exon 3 resulting
in an amino acid change of Tyr113 to His, thus reducing
enzymatic activity by 50%, and is therefore dubbed the slow
allele. An A-to-C mutation occurs in the base of exon 4 to
change the amino acid from His139 to Arg, thus increasing
enzyme function by 25%, and is, therefore correspondingly
known as the fast allele. The polymorphisms of exon 3 and

exon 4 are closely associated with mEPHX activity. Sandford
et al found that the homozygous His113/His139 mEH hap-
lotype is significantly associated with a rapid decline in lung
function parameters (OR =4.9, P=0.04) in COPD patients
with a family history.'? Further to these findings, Yim et al
used restriction fragment length polymorphism polymerase
chain reaction (PCR-RFLP) to carry out genotyping assays
for mEPHX of 83 patients with COPD and 76 healthy
smoking controls in South Korea.!* The authors compared
MEPHX gene polymorphisms and frequencies between
COPD patients and the healthy control group and found that
the difference in the frequency of genotype polymorphisms
was not statistically significant between mEPHX gene exons
3 and 4. Furthermore, the differences in genotype frequency
were still not apparent after arbitrary combination of geno-
types, suggesting that mEPHX gene polymorphisms may
have no association with the development of COPD in South
Korea. An et al reported that there was no association between
EPHX1 and COPD in Caucasians and East Asians.'

Heme oxygenase

Heme oxygenase-1 (HO-1) is the main enzyme involved
in heme catabolism and is primarily expressed in the lung,
liver and heart, with its main role acting to prevent oxidative
damage. The Wei’s study, which induced HO-1 by infec-
tion of hemoglobin in rat model of emphysema caused by
exposure to cigarette smoke, has demonstrated that HO-1 has
anti-inflammatory effects and can prevent smoke-induced
emphysema from developing.' In vivo study in mice has
indicated that HO-1 is an important component participating
in the balance of oxidative and antioxidative systems within
the lung. (GT) n repeat microsatellite sequences in the 5’-end
region of the human HO-1 gene may decrease the level of
gene transcription under the effects of temperature and pres-
sure. Longer microsatellite and GT repeats can protect lung
tissue from damage of the active oxygen system. Therefore,
a reduction in GT repeat sequences, caused by reduced
transcription levels, may easily relate to the pathogenesis
of COPD. Yamada et al conducted a study on the relation-
ship between the (GT) n repeat number and the develop-
ment of emphysema in two groups of 101 smokers with
and without emphysema, and found that the (GT) n repeat
polymorphism is divided into three categories: class S allele
(repeat number <25), grade M allele (repeat number 25-29)
and class L allele (repeat number =30).® Furthermore, the
authors went on to show that grade L allele frequency and the
proportion of class L allele (L/L, L/M and L/S) in smokers
with COPD were significantly higher than those in smokers
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without emphysema. A high number of (GT) n repetitive
sequences are strongly associated with susceptibility to
emphysema due to smoking. However, in a case—control
study by He et al, the number of GT repeats of HO-1 gene
in Caucasian smokers was not associated with a decline in
lung function. Therefore, its association with COPD remains
to be confirmed by further studies.?

Superoxide dismutase
Superoxide dismutase (SOD) is a scavenger of superoxide
anion (O2") in the process of energy metabolism. 02" is
toxic, and SOD, therefore, functions to catalyze the reaction
converting O2” into H,0,, which is then metabolized into
water through other reactions, thereby preventing tissue dam-
age and toxicity. Therefore, an imbalance in O2~ and SOD
concentrations results in toxicity. At present, the majority of
studies have examined the association of manganese super-
oxide dismutase (Mn-SOD) and extracellular superoxide
dismutase (Ec-SOD) gene polymorphisms with COPD.
Mn-SOD is located in the region of 6q25. Mutations
occurring in a locus within Mn-SOD gene exon region have
been shown to lead to the production of differently expressed
proteins and result in changes in intracellular signaling.
A recent study by Guo et al demonstrated that the rs2842958
(G5774A) polymorphism in the intron region of Mn-SOD
gene is associated with airway hyperresponsiveness, as well
as COPD. An allele at 5774 locus of Mn-SOD gene is a risk
factor for COPD, and the ratio of A in patients with very
severe COPD is significantly higher.!” At the same time, it is
proved that the homozygote after Ec-SOD gene mutation in
rs8192288 locus can cause the decline of lung function.
The Ec-SOD gene polymorphism can increase serum
levels of SOD and therefore has a protective effect. It has
been shown that the frequencies of G alleles, CG and GG
genotypes at position 213 in healthy smokers are signifi-
cantly higher than those in COPD patients, suggesting that
Ec-SOD mutation at position 213 may prevent the occurrence
and development of COPD through anti-inflammatory and
antioxidative effects.

COPD and the genetic
polymorphism of the hydrolytic—
antihydrolytic system

Serine protease inhibitor | (SERPINALI)
Serine protease inhibitor 1 (SERPINAL) gene is located
on chromosome 14 and belongs to the serine protease
inhibitor ol -antitrypsin family (AAT). The main function of
SERPINAL is to inactivate neutrophil elastase and prevent

tissue damage. With respect to mutations, the most common
mutation associated with disease is Z allele mutation, which
reduces levels in the lungs and promotes emphysema.
It has been reported that the polymorphisms rs8004738,
rs17751769, rs709932, rs11832, rs1303, rs28929474 and
rs17580 of SERPINAI gene are associated with COPD.!
However, Chappell et al demonstrated that rs8004738 was
associated with COPD. After confounding factors, such as
age, were adjusted for, an association remained."” Deng X
et al have showed that SERPINA1 gene was correlated with
COPD in Han Chinese after excluding confounding fac-
tor, which is similar to the Chappell.?’ However, it is well
known that racial differences exist between genetic risk and
disease phenotype.

Serine protease inhibitor 2 (SERPINE?2)

Serine protease inhibitor 2 (SERPINE2) is located in the
2q33.3-37.2 region and encodes an inhibitor of a serine
protease with a molecular weight of 44,000 Da. SERPINE2
plays an important role in coagulation and fibrinolysis. The
interaction between serine protease inhibitors and matrix
metalloproteinases (MMPs) plays an important role in the
development and progression of COPD. Demeo et al con-
ducted a study involving 127 patients with severe COPD in
the USA to explore the association of various phenotypes of
COPD with 18 SNPs of the SERPINE2 gene.?' The authors
found that only five loci were associated with the pathogen-
esis of COPD, with smoking playing an important role in
gene expression. Zhu et al conducted a study on Bergen and
Norwegian people to observe the relationships of the 25 loci
of SERPINE2 gene in 1,910 persons from 635 families with
COPD phenotypes.?? The authors conducted a case—control
study including 973 COPD patients and 956 healthy controls,
with the results showing that six SNPs were significantly
associated with COPD phenotypes, and the differences in five
SNPs were statistically significant (P<<0.05) between patient
and healthy control groups. Chappell et al conducted a prospec-
tive study of 1,018 COPD patients and 911 healthy controls
in six European countries and concluded that SERPINE gene
polymorphisms were not associated with COPD." Addition-
ally, a study in China by Wang, who conducted a case—control
study on 409 COPD patients and 411 healthy controls, dem-
onstrated that rs840088, rs1438831 and rs3795879 loci of the
SERPINE2 gene were not associated with the pathogenesis of
COPD.? These findings may be accounted for by racial differ-
ences, as well as differences in the selection of control popula-
tions. Further investigation is required to examine the role of
SERPINE2 gene polymorphisms in COPD susceptibility.
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l-antichymotrypsin (SERPINA3)
l-antichymotrypsin (SERPINA3) functions to inhibit
cathepsin G and mast cells rennet. In the Swiss population,
two loci polymorphisms of SERPINA3 are associated with
decreased levels of I-antichymotrypsin. However, these have
not been confirmed in the Japanese population.?*?

Matrix metalloproteinases

MMPs belong to the family of proteolytic enzymes, and
their main role is to degrade the basement membrane and
extracellular matrix following activation. Activated MMPs
are inhibited by endogenous tissue inhibitor of metal-
loproteinases (TIMP), thereby preventing tissue fibrosis.
In the protease family, MMP-1, MMP-9 and MMP-12
gene polymorphisms are thought to be closely associated
with emphysema.

MMP-1 is located on the chromosome 11q22, with
the —1607 position forming the core sequence in the tran-
scription factor binding site.?® The wild type (1G/1G) of
the MMP-1 gene can reduce the expression level of the
corresponding protease, and is a protective factor against
decreased lung function. Sun et al conducted a case—control
study on 59 patients with COPD and 109 healthy people in
Northern China using PCR-RFLP technology and found that
mutant homozygote of MMP-1 can reduce the incidence of
COPD and is a protective factor.”” However, the meta-anal-
ysis of Jiang et al showed that MMP-1 rs1799750 1G >2G
and MMP-3 rs3025058 SA >6A have little association with
COPD.® MMP-9 is located on chromosome 20, and change in
its promoter region-1562SNP can increase MMP activity,>**
which has been confirmed in both Chinese and Japanese
populations. European studies have shown that this locus
is associated with the severity of COPD, and the frequency
of gene mutations in grade 4 patients is significantly higher
than those in grade 2 and 3 patients. A study by Ito et al
demonstrated that polymorphisms in the MMP-9 allele
are associated with progression of pulmonary emphysema
in smokers with COPD.?! In the study of S Jiang, MMP-9
1s3918242 C > T was demonstrated to be associated with
COPD.?® However, Demeo et al*! did not find any association
between MMP-9 and COPD.

MMP-12 degrades elastin, and degraded elastin frag-
ments recruit macrophages to release MMP-12, thereby
forming a positive feedback loop. Hunninghake et al tested
the association between SNPs encoding MMP12 gene
and the indicator of lung function, FEV, and demonstrated
that the rs1276109 locus of the MMP12 gene may produce
a protective effect on lung function in children with asthma

and smokers, and can reduce the incidence of COPD in
smoker.*? Joos et al studied the 5-year rate of decline in
lung function in 590 smokers.>* The authors concluded that
among the five observed SNPs, the haploid-type alleles from
MMP1 G-1607GG and MMP12 Asn357Ser were also asso-
ciated with the rate of decline of lung function (P=0.0007).
However, only the adjusted G-1607GG was associated with
a fast rate of decline of lung function (P=0.02).

Disintegrin and metalloproteinase
domain-containing protein 33 (ADAM33)

Disintegrin and metalloproteinase domain-containing
protein 33 (ADAM33) gene is located in the q23.13 region,
and was first identified in 2002 as a related gene for airway
hyperresponsiveness and bronchial asthma.’* ADAM33
is primarily expressed in smooth muscle cells and lung
fibroblasts and is rarely expressed in other tissues. Dijkstra
et al demonstrated that all members of the ADAM family
are expressed in bronchial epithelium; however, expression
patterns vary according to tissue.*®> ADAM33 is the only
ADAM member that is predominantly and strongly expressed
in bronchial epithelial basal cells.

Inrecent years, the role of ADAM33 gene polymorphisms
in COPD has been a topic of intense research. A number of
studies have demonstrated the relationship between different
ethnic ADAM33 gene polymorphisms and COPD. In the
study by Korytina et al, 319 patients and 514 healthy controls
were selected. The results showed that 13491 and 12418GG
haplotypes of ADAM33 gene significantly increase the
incidence of COPD.* Xiao et al demonstrated that seven
loci (T2, T1, S1, S2, V4, Q-1, F+1) and four haplotypes
(H2, HS5, H6, H9) of the ADAM33 gene are significantly
associated with the pathogenesis of COPD in the Tibetan
population of China.’” Wang et al conducted a case—control
study on 312 COPD patients and 319 healthy volunteers
and observed the association of eight SNPs of ADAM33
with COPD using PCR-RFLP.*® The results showed that
the differences in the allele frequencies of T2G, T1G, S2C
and Q-1G were statistically significant between the two
groups, suggesting that ADAM33 is associated with the
pathogenesis of COPD.

Studies have shown that ADAM33 gene polymorphisms
are also significantly associated with decreased lung function.
Sadeghnejad et al investigated the polymorphisms of 25 loci
of ADAM33 genes in 880 Caucasians over 20 years and
found that five SNPs (Q-1, S1, S2, V-1 and V4) are associ-
ated with the pathogenesis of COPD, and these five loci are
associated with decrease in FEV |, FEV % and FEV /FVC.*
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Linkage disequilibrium and haplotype analysis suggested that
the S1 locus has the strongest association with a decline in
lung function. Qin et al discussed the association of ADAM33
gene polymorphism in Han population of Northern China
with COPD and lung function, and found that ADAM33 gene
polymorphisms are associated with COPD susceptibility, but
not associated with disease severity.*

COPD and polymorphisms in
inflammation-related genes

Vitamin D binding protein

Vitamin D binding protein (VDBP) is located in the 4q11-13
region and is a macrophage activation factor. However,
VDBP also acts as a macrophage chemotactic factor and
plays an important role in regulating inflammatory response
and reducing the body’s antioxidant capacity. Ito et al
selected 103 COPD patients and 88 healthy smokers in Japan
and used PCR-RFLP to observe the association between
SNP in GC globulin and COPD.*! The results showed that
the prevalence of the GC*1F homozygote probability was
significantly higher in COPD patients than that in healthy
smokers (P=0.01; OR =2.3; 95% CI =1.2-4.6), and COPD
patients and GC*1F alleles had a greater rate of FEV decline
(P=0.01), a higher low attenuation area percentage and a
lower mean CT score. A recent Chinese study also found that
GclF may be a risk factor for COPD and Ge2 is a protective
factor for COPD.*

Transforming growth factor-B1 (TGF-B1)

TGF-B1 is an important factor involved in inflammation.
Furthermore, it can regulate the induction of inflammatory
factors involved in the development and progression of
COPD. Celedon et al conducted a case—control study on
smokers with COPD and found that rs1982073 in the exon
region and rs2241712 and rs1800469 in the promoter region
of TGF-B1 gene are significantly associated with COPD.*®
Liu et al selected 219 COPD patients and 148 healthy people
from the Chinese Han population as the study subjects, and
used amplification refractory mutation system-polymerase
chain reaction to analyze 869T/C and 915G/C polymor-
phisms of TGF-B1 gene and performed genetic typing.*
The results showed that the frequency distribution of
869T/C polymorphism of TGF-f1 gene in COPD group
is significantly higher than that in control group (P<<0.05).
C allele can increase the risk of COPD (OR =1.131, 95%
CI=1.101-1.539). The frequency distribution of the 915G/C
polymorphism in the TGF-B1 gene has no significant

difference between two groups (P>0.05). Ogawa et al found
that SNP of TC in 869 locus of TGF-B1 gene is related to
airway hyperresponsiveness, and is not related to the rapid
decline in lung function.*

Tumor necrosis factor

Tumor necrosis factor-o. (TNF-a) is an inflammatory factor
secreted primarily by macrophages. TNF-q is located in
the 6p21.23 region, and mainly increases the expression
of inflammatory genes through the activation of nuclear
factor-kB, and plays an important role in COPD as well as
systemic inflammation. At present, the gene polymorphism of
the —308 locus of TNF-o gene promoter has been studied; it
can be divided into TNF-0308*1 and TNF-a308*2 according
to different G/A loci. The latter can induce high expression
of TNF-a, which is closely associated to the pathogenesis
of COPD. Studies in Japan have shown that the TNF-o
gene —308*1/2 locus SNP has a significant association with
COPD.* Huang et al studied 42 male patients with chronic
bronchitis and 42 healthy controls matched by gender, age
and smoking index and randomly selected and studied nine
students.*’” The results showed that the TNF2 allele was over-
expressed in the COPD group; the frequency of TNF-a allele
was 5.1% in the students, 2.4% in the control group and 19%
in the bronchitis group 0 (P<<0.01). The TNF2 allele may con-
tribute to the development of chronic bronchitis (OR =11.1,
95% CI=2.89-42.57). Louis et al observed 62 cases of indi-
viduals, and the results confirmed that TNF-o308*2 allele
frequency in patients with COPD was significantly higher
than that in the control group.*® Furthermore, a Chinese study
also found the same results.* However, this association is
not apparent in Italian and Caucasian populations.>**! Such
a result may be due to genetic differences between races.
Keatings conducted a cross-sectional study on 106 patients
with COPD and 99 healthy controls and carried out a 2-year
follow-up to observe whether the frequency of the A allele
was increased in the COPD group.>? The authors found that
AA homozygotes had a decreased reversible airway obstruc-
tion and a higher mortality rate, suggesting that homozygous
allele A is a predictor of worse prognosis in COPD. Patuzzo
concluded that in the Caucasian individuals, the TNF gene
and its polymorphism do not increase the risk of COPD and
bronchiectasis.” In addition to TNF-0.-308 locus, gene poly-
morphisms of loci, such as TNF-a+489G/A, TNF-0-376G/A
and TNF-0-238G/A, have also been identified. A recent study
has shown that TNF-0+489G/A gene polymorphism is asso-
ciated with susceptibility to COPD in Caucasians.**
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Others

B2-adrenergic receptor

[2-adrenergic receptors (ADRB2) are mainly distributed in
the alveolar wall, endothelium, pulmonary arterial smooth
muscle, tracheal smooth muscle and bronchial epithelium.
ADRB2 belong to G protein-coupled receptors, with a
seven-transmembrane structure, regulating airway contrac-
tion. Thomsen et al found that the mutation in locus 164 of
ADRB?2 gene can increase the risk of occurrence of COPD
in Danish people.®

Other pathogenesis of COPD

COPD is a disease characterized by genetic and phenotypic
heterogeneity. Although association studies have identified
that multiple genomic regions are associated with COPD,
genetic variation only partially explains susceptibility to
lung diseases, and the following will briefly introduce the
association between epigenetics and COPD.

Epigenetics and COPD

Epigenetics refers to the process of influencing gene expres-
sion through other genetic mechanisms without affecting
DNA sequences. Currently identified epigenetic mechanisms
include DNA methylation, histone methylation and acetyla-
tion, as well as noncoding RNAs such as microRNA. Barreiro
and Gea elaborated on the effects of epigenetic mechanisms
on muscle development, which resulted in COPD.* DNA
epigenetic modifications include DNA methylation, covalent
histone modification, noncovalent mechanisms and noncoding
RNAs such as microRNAs. DNA methylation usually occurs
at cytosine and guanosine nucleotide (CpG) islands, mainly by
adding the methyl group to 5’-terminal of the cytosine. DNA
methylation can alter the corresponding chromatin structure,
thereby aggregating chromatin into clusters, resulting in a
loss of transcription activity. In skeletal muscle, it mainly
reduces muscle tissue by inhibiting the differentiation of
muscle satellite cells and thus increases the incidence of
COPD. The study of Morrow et al on DNA methylation in
COPD patients showed that the loci of differential methyla-
tion were located in CHRM1, GLT1D1 and C10 or f11, and
if they were ranked by GWAS P-value, the top loci included
FRMD4A, THSD4 and C10 or f11.%" In the process of muscle
development, microRNAs (miRNAs) play an important role,
and many miRNAs are tissue-specific, and miR-1, miR-133
and miR-206 are abundant in skeletal muscle. MiR-133
promotes muscle differentiation through targeting HDAC4,
and miR-133 inhibits serum response factor to stimulate the

myoblast proliferation and thus inhibit myotubule formation;
miR-206 promotes myotubule formation through p180
subunit targeting DNA polymerase o.. A report showed that
miR-206 and miR-486 are beneficial for differentiation of
myoblasts, and inhibiting their expressions may activate Pax7
and thus delay differentiation. The study of Wang et al showed
that loss of miR-29 induces transdifferentiation of myoblasts
into myofibroblasts, whereas in Duchenne myodystrophy
model, miR-29 expression can reduce the muscles with mal-
nutrition.*® The above epigenetic changes may affect the main
factors of muscle dysfunction and muscle mass loss in patients
with COPD. The study of Lewis et al showed that in the lateral
femoral muscle of patients with severe COPD, miR-1 expres-
sion is significantly decreased and HDAC4 protein level is
significantly increased.” A case—control study of Donaldson
et al demonstrated that the levels of several muscle-specific
miRNAs such as miRNA-1, miR-499, miR-181, miR-133
and miR-206 are significantly increased in the plasma of
patients with severe COPD, and the differences are significant
compared with the control group, but it is proved that miRNA
expression cannot predict the muscle fiber area or composi-
tion in COPD patients in the same study.®® An important
study of UK BIiLEVE found that KANSLI1 gene, coding
a subunit of a histone acetyltransferase (HAT) complex,
which is vital for epigenetic gene regulation, was related with
extremes of FEV .2

Apoptosis and COPD

In addition, the abnormal apoptosis plays an important role
in the pathogenesis of emphysema. B cell CLL/lymphoma
2 (Bcl-2) family proteins are a necessary key regulatory
factor of apoptosis. The study of Zeng et al has shown that
decreased Bcl-2 expression and Bcl-2 promoter hyperm-
ethylation can cause lung cell apoptosis and decreased lung
function. 5-aza-20-deoxycytidine (AZA) increases Bcl-2
expression and Bcl-2 promoter demethylation. AZA can also
reduce lung cell apoptosis and functional failure induced by
cigarette smoke extract.’!

In summary, the pathogenesis of COPD involves multiple
factors. The specific etiology of COPD cannot be determined
according to current studies. Therefore, the determination
of pathogenic factors for COPD is still in early stages. As a
result, further studies are required in order to elucidate the
pathways involved in the susceptibility of COPD.
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